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I .   INTRODUCTION 

The  nationwide  maximum  55  mile  per  hour  speed  limit 
initiated  in  late  1973  brought  about  substantial  changes 
in  the  United  States  highway  system's  operations.   Many  ob- 
servers consider  the  reduced  speed  limit  to  be  primarily 
responsible  for  the  reduction  in  highway  fatalities  since 
the  time  of  the  energy  crisis.  ■  The  Pennsylvania  Transpor- 
tation Institute,  under  the  sponsorship  of  the  Federal 
Highway  Administration,  started  a  research  study  in 
February  1975  in  order  to  evaluate  the  highway  safety  as- 
pects of  the  national  55  mile  per  hour  speed  limit. 

The  specific  objectives  of  the  study  were: 

1.  Evaluate  the  effects  on  traffic  safety 
resulting  from  the  change  in  motor  vehicle 
use  which  the  "energy  crisis"  had  caused. 

2.  Study  travel,  speed,  and  traffic  accident 
data  to  determine  safety  benefits  deriving 
from  the  new,  lower  nationwide  speed  limit 
and  from  providing  a  uniform  maximum  speed 
limit  in  those  states  which  previously  had 
differing  maximum  speed  limits  for  differ- 
ing classes  of  vehicles. 

3.  Analyze  the  data  in  those  states  which 
formerly  had  a  day/night  differential  speed 
limit . 

The  study,  therefore,  involved  analysis  of  traffic 
accident  statistics,  vehicle  miles  of  travel,  and  speed 
studies  to  determine  the  safety  effects  of  reduced  and 
standardized  speed  limits.   Factors  such  as  age  of  driver, 
age  of  victim,  time  of  accident,  type  of  vehicle,  and  time 
of  day  were  also  studied  for  possible  changes  since  the 
energy  crisis  period.   A  brief  analysis  of  the  relationship 
between  economic  indicators  and  highway  fatalities  was  also 
conducted. 


Enactment  of  the  Reduced  Speed  Limit 

A  sequence  of  events  during  the  fuel  shortage  and  the 
enactment  of  the  55  mile  per  hour  speed  limit  has  been  as- 
sembled in  Appendix  A.   The  following  observations  are 
noteworthy: 


1.  Fuel  Conservation  was  a  concern  during  the  Summer 

of  1973.   Some  areas  of  the  country  were  experiencing 
fuel  shortages  at  that  time.   The  policy  of  reduced 
vehicle  operating  speeds  received  relatively  low 
priority  during  the  summer  and  early  fall  of  1973, 
although  there  were  U.  S.  Senate  resolutions 
passed  calling  for  lowered  speed  limits.   Energy 
conservation  was  a  voluntary  concern  among  indi- 
viduals, businesses,  and  local  and  state 
governments . 

2.  The  Arab  Oil  Embargo  (October  29,  1973)  caused  an 
increase  in  emphasis  on  energy  conservation  and  a 
realization  that  mandatory  controls  would  be 
needed  in  order  to  achieve  the  significant  fuel 
savings  needed  but  not  achieved  by  voluntary  ac- 
tions.  Reduced  speed  limits  became  a  priority 
item  and  former  objectives  were  overshadowed  by 
the  perceived  emergency  need. 

3.  Late  October  and  early  November  1973  saw  the  Fed- 
eral government's  energy  policy-makers  quickly 
preparing  requisite  information  for  evaluation  of 
a  variety  of  conservation  schemes. 

4.  During  December  1973  several  states  voluntarily 
reduced  speed  limits  before  Federal  legislation 
was  signed  into  law. 

5.  On  January  2,  1974  the  55  mile  per  hour  limit  was 
signed  into  law.   State  compliance  was  completed 
by  March  4  that  year. 


Data  Sources 

The  data  analyzed  in  this  report  were  collected  from 
various  sources  within  seventeen  sample  states  as  well  as 
from  agencies  of  the  Federal  government.   The  state  sources 
of  accident  data  are  listed  in  Appendix  B.   Information 
from  Federal  sources  included: 

Annual  accident  records  classified  by  highway 
type  for  the  years  1967  through  1974  provided 
by  the  FHWA  Accident  Analysis  Division.   (This 
data  reflected  the  most  recent  revisions  to 
data  published  in  the  FHWA  annual  publication, 
Fatal  and  Injury  Accident  Rates. ) 


.  Monthly  vehicle  miles  of  travel  information 

obtained  from  the  FHWA  Office  of  Highway  Planning. 

.  "Traffic  Speed  Trends"  Report  published  annually 
by  the  FHWA  Office  of  Highway  Planning. 

A  glossary  of  terms  arising  in  various  accident  classifica- 
tions is  provided  in  Appendix  C. 


Sample  Selection 

Due  to  the  scale  of  the  undertaking,  a  representative 
sample  of  17  states  was  selected  to  study  the  events  that 
affected  the  nation  as  a  whole.   These  states  were  chosen 
so  that  they  would  reflect  national  trends  by  covering  a 
spectrum  of  values  for  the  variables  considered.   A  number 
of  transportation-related  and  nontransport  considerations 
were  involved  in  the  choice  of  the  17  states  for  this 
sample . 

Transport-related  variables  considered  included  such 
factors  as  road  miles,  vehicle  miles  of  travel,  traffic 
accidents,  traffic  injuries  and  fatalities,  statewide  en- 
forcement procedures,  existing  speed  limit  conditions  (day/ 
night,  truck/auto  differentials),  amount  of  roadway  af- 
fected by  the  change  in  speed  limit,  and  existing  histori- 
cal patterns  in  certain  of  these  statistics.   General 
economic  and  demographic  variables  such  as  region  of  the 
country,  population  size,  economic  base  and  level  of 
development,  and  level  of  medical  services  available  and 
others  were  also  considered  in  an  attempt  to  provide  a 
sample  which  would  represent  the  national  average. 

This  analysis  produced  the  selection  of  the  following 
states  for  inclusion  in  the  sample:   Arizona,  California, 
Colorado,  Georgia,  Massachusetts,  Michigan,  Minnesota, 
Mississippi,  Missouri,  New  York,  North  Carolina,  Ohio, 
Pennsylvania,  Texas,  Virginia,  Washington,  and  Wyoming. 
Many  characteristics  of  these  states  are  virtually  the  same 
as  those  for  the  nation  including  the  combined  sample's 
fatality  rate. 


II.   METHODOLOGICAL  DIFFICULTIES 

In  order  for  an  accurate  analysis  of  the  effects  of 
the  nationwide  55  mile  per  hour  speed  limit  to  be  made, 
reliable  information  concerning  a  number  of  variables  had 
to  be  accumulated.   During  the  data  gathering  and  subse- 
quent inspection  and  analysis,  decisions  concerning  the 
selection  of  statistics,  and  in  fact,  the  analysis  methods, 
were  made  in  accordance  with  the  nature  of  the  data.   Con- 
sidering the  more  important  statistics,  the  following 
comments  relate  to  some  of  the  inherent  difficulties 
associated  with  the  data  analysis  task: 

1.  Fatalities--Records  of  traffic  fatalities  are 
at  this  time,  and  for  a  number  of  years  have 
been  accurately  compiled.   Although  there  is 
a  limited  amount  of  discrepancy  between  some 
sources  concerning  off -highway,  vehicle  re- 
lated deaths,  these  numbers  are  usually  minor 
and  generally  the  total  fatality  figures  are 
reliable  and  useful  at  the  monthly  level.   Most 
states  update  their  records  with  any  delayed 
fatalities  to  a  point  where  any  errors  are  so 
minor  as  to  be  inconsequential. 

2.  Injuries--As  opposed  to  fatalities,  the  varying 
degree  of  traffic  injury  severities  makes  for 
some  variance  in  the  reliability  of  injury  re- 
ports and  their  subsequent  summaries.   Particu- 
larly in  cases  of  minor  injury,  the  differences 
between  state  reporting  levels  and  even  the 
differences  between  individuals  reporting  the 
accidents  affect  the  reliability  and  consistency 
of  injury  records.   Lagging  reports  in  this  class 
are  not  usually  used  to  update  existing  records 
and  often  year  end  figures  are  quite  suspect. 

3.  Property  Damage  Accidents--By  their  nature, 
property  damage  only  accidents  (PDO's)  are  the 
largest  and  most  inconsistent  of  all  accident 
types.   In  an  attempt  to  measure  state  or  nation- 
wide trends  and  changes  a  number  of  difficulties 
arise.   These  difficulties  include: 

a.   Reporting  threshold  levels  between  states 

vary  in  amount  of  damage  so  that  comparisons 
are  difficult. 
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b.  Many  states  have  recently  changed  their 
reporting  levels  making  comparisons  within 
the  state  difficult  between  years. 

c.  Inflationary  effects  have  made  damage 
estimates  difficult  to  compare  between  years, 

d.  The  reported  estimates  are  made  by  personnel 
who  may  not  as  a  group  consistently  rate  the 
damage . 

e.  Many  operators  may  choose  not  to  report 
PDO ' s  for  various  reasons. 

f.  Many  local  jurisdictions  have  not  referred 
their  PDO  reports  to  state  agencies  over 
the  years,  making  annual  comparisons  diffi- 
cult (e.g.,  Ohio  and  others). 

Inspection  of  monthly  PDO  summaries  reflect  the 

variability  due  to  these  reasons  as  well  as  the 

fact  that  many  PDO  causes  are  unrelated  and  in- 
consistent over  time. 

Vehicle  Miles  of  Travel--Since  one  of  the  most 
dramatic  effects  witnessed  in  1974  was  the  decrease 
in  vehicle  miles  of  travel  from  its  predicted 
level,  accurate  information  regarding  travel  is 
naturally  needed.   Unfortunately,  there  are  diffi- 
culties in  measuring  travel  by  the  large  numbers 
of  vehicles  in  use  today.   The  measuring  diffi- 
culties have  led  to  the  use  of  a  variety  of 
measuring  and  estimation  techniques  by  the  states. 
Two  major  methods  are  utilized,  both  independently 
and  at  times  in  conjunction  with  one  another. 
These  methods  are  (1)  expansion  of  count  station 
data,  and  (2)  utilization  of  motor  fuel  tax 
receipts.   Depending  upon  the  techniques  used  for 
extrapolation  of  the  data,  these  methods  provide 
a  range  of  accuracy  which  presents  difficulties 
for  the  user. 

Considering  the  expansion  of  count  station 
data,  a  number  of  problems  in  this  technique  lead 
to  inaccuracies.   In  many  cases,  formulas  devel- 
oped to  expand  count  data  to  vehicle  miles  of 
travel  are  based  on  initial  figures  utilizing  fuel 
tax  receipts  which  may  or  may  not  be  appropriate. 


These  formulas  may  not  be  revised  for  a  number  of 
years  during  which  time  travel  patterns  may  shift 
in  such  a  way  that  the  count  stations  no  longer 
have  the  same  relationship  to  total  travel.   Ad- 
ditions to  the  count  station  network  may  not  be 
accurately  utilized  with  respect  to  readjustment 
of  the  total  modeling  technique,  and  naturally 
occurring,  short  term  perturbations  in  certain 
counts  may  not  be  adjusted  for. 

Fuel  tax  receipts,  although  an  accurate 
measure  of  fuel  usage,  may  not  reflect  travel  as 
well.   One  of  the  problems  with  the  use  of  fuel 
tax  receipts  is  that  vehicle  miles  of  travel  are 
computed  using  an  average  miles  per  gallon  (mpg) 
figure.   Although  this  is  a  "best  guess"  estimate, 
the  mpg  value  usually  does  not  accurately  reflect 
the  changing  rates  that  actually  occur.   The  mpg 
value  is  rarely  updated  despite  a  changing  vehicle 
population,  and  the  reporting  lag  combined  with 
the  lag  between  sale  and  use  of  fuel  make  many 
estimates  inaccurate. 

5.   Vehicle  Operating  Speeds--In  attempting  to  deter- 
mine the  effect  of  a  change  of  speed  on  highway 
safety,  some  estimate  of  the  actual  speed  trend 
alteration  must  be  made.   With  the  introduction  of 
the  55  mile  per  hour  limit  and  the  Federally  re- 
quired compliance  certification,  operating  speeds 
have  been  rather  closely  monitored.   Prior  to  this, 
however,  speed  studies  may  not  have  recorded  com- 
patible information  for  use  in  analyzing  any 
changes  in  the  patterns  of  vehicle  operating  speeds 
The  representativeness  of  selected  sites  makes 
speed  studies  difficult  to  use.   In  addition,  both 
current  and  past  speed  studies  have  tended  to  ig- 
nore many  of  the  lower  class  roads  where  definite 
safety  reactions  to  the  new  maximum  speed  limit 
have  occurred. 

Naturally,  it  is  desirable  to  determine  all  or  at  least 
some  of  these  statistics  for  different  roadways  in  order  to 
determine  more  precisely  the  effects  of  the  55  mile  per  hour 
limit.   Since  only  certain  roadways  should  have  been  af- 
fected by  the  change  of  limit,  the  statistics  for  these 
roads  should  show  different  effects  against  a  "control" 
group  of  non-affected  roadways.   The  problem  incurred  when 


attempting  to  separate  these  road  types  is  that  most  states 
cannot  easily  determine  all  the  affected  roadway  and  its 
related  safety  and  travel  statistics.   For  the  most  part, 
rural  Interstate  roadway  can  be  considered  affectable  since 
it  previously  had  a  speed  limit  greater  than  55  miles  per 
hour.   Urban  local  streets  can  usually  be  said  to  be  non- 
affectable  for  the  simple  reason  that  rarely  are  these 
streets  posted  for  greater  than  55  miles  per  hour.   Unfor- 
tunately, between  these  two  extremes,  lies  a  large  part  of 
the  highway  and  vehicle  miles  for  which  precise  estimates 
of  affectable  vs.  non-aff ectable  portions  are  not  easily 
made.   Nor  can  the  accident  and  travel  values  for  the  af- 
fectable portions  of  these  roads  -be  easily  separated  into 
classes  within  some  states  (e.g.,  rural  Texas  state  high- 
ways).  Attempts  to  accurately  and  completely  separate 
affectable  from  non-af fectable  roadway  statistics  are  vir- 
tually nonproductive. 

Reconsidering  some  of  the  aforementioned  measures,  it 
was  thought  that  rates  (i.e.,  deaths  per  million  vehicle 
miles,  etc.)  might  be  used  as  a  means  of  incorporating  into 
the  analysis  the  reduction  of  travel  during  1974.   This 
travel  reduction  would  most  likely  lead  to  a  corresponding 
reduction  in  the  number  of  fatal  accidents,  fatalities, 
injury  accidents,  and  injuries.   If  the  number  of  accidents 
(or  people  killed  or  injured)  decreased  proportionately  the 
same  as  travel,  the  rates  would  be  unaffected.   A  dispro- 
portionate drop  in  accidents  would  cause  the  rate  to  drop 
and  would  suggest  a  speed  limit  effect.   Unfortunately, 
this  assumes  linearity  in  the  relationship  between  travel 
and  accidents  which  may  not  be  the  case.   The  possibility 
that  the  decreased  travel  was  a  result  of  the  elimination 
of  travel  by  certain  types  of  vehicles,  or  certain  trip 
types,  or  a  change  in  the  use  of  affected  vs.  non-affected 
roads,  or  even  a  reduction  in  travel  by  certain  driver 
types  complicates  and  perhaps  invalidates  this  assumption. 
The  vehicles,  trips,  roadways,  or  drivers  eliminated  or 
altered  may  be  of  a  more  or  less  accident  "prone"  nature. 
In  other  words,  if  high  accident  rate  drivers . (for  instance 
male  teens)  were  restricted  in  their  driving  due  to  parental 
decisions,  might  their  loss  cause  a  disproportionate  drop 
in  accidents  even  though  their  vehicle  mileage  contribution 
was  minor?   This  confusion  of  the  linear  relationship  along 
with  the  questionable  relationship  between  vehicle  miles  of 
travel,  congestion,  exposure,  and  accidents  tends  to  cast 
some  doubt  on  the  validity  of  rate  changes  as  a  pure 
measure  of  the  effect  of  the  55  mile  per  hour  speed  limit. 


The  U.  S.  fatality  rate  and  also  vehicle  miles  of 
travel  exhibit  definite  trends  since  1968.   In  particular, 
the  national  fatality  rate  has  had  a  downward  trend  during 
that  time  period.   The  proper  analysis  of  1974  data  re- 
quires the  consideration  of  this  historical  trend.   Most 
states  exhibit  the  same  trends  as  the  nation  as  a  whole. 
As  is  the  case  for  national  statistics,  a  comparison  of 

1973  to  1974  is  sufficient  since  trends  in  vehicle  miles, 
fatality  rates,  and  others  are  of  the  nature  that  projected 

1974  values  show  greater  and  more  meaningful  differences. 
Unfortunately,  the  smaller  samples  of  data  that  occur  at 
the  state  level  make  trend  analysis  difficult  in  some  in- 
stances.  In  these  cases,  unusual  occurrences  cause  per- 
turbations in  the  trends  which  decrease  the  reliability  of 
the  predicted  values.   Additionally,  the  need  for  accurate 
data  for  many  of  the  more  specific  categories  of  accidents 
(e.g.,  type  of  vehicles,  etc.)  rendered  early  (pre-1970) 
data  of  little  use  in  determining  accurate  trend 
characteristics . 

During  any  evaluation  of  the  effects  of  the  reduced 
speed  limit,  care  must  be  exercised  in  attributing  any  al- 
terations in  traditional  patterns  exclusively  to  this  one 
cause.   From  the  scientific  viewpoint,  it  is  unfortunate 
that  1974  saw  the  clustering  of  changes  in  a  number  of 
variables  that  could  have  affected  highway  safety.   Reduc- 
tion of  the  speed  limit  came  about  during  a  period  of  in- 
creasing fuel  prices,  reduced  fuel  supplies,  and  increasing 
public  awareness  of  the  energy  "emergency."   The  reduction 
of  travel  speeds  also  coincided  with  a  reduction  in  the  ob- 
served operating  speed  variance  and  an  elimination  of 
existing  differential  speed  limits.   These  factors  led  to 
more  uniform  operating  speeds  in  many  cases  which  could 
have  affected  highway  safety  as  much  as  a  reduced  mean 
speed. 

The  national  economy  was  also  in  a  state  of  flux  which 
could  have  altered  both  the  amount  and  the  type  of  traveling 
done  by  many  highway  users.   Fuel  availability  and  price 
changes  could  also  have  shown  effects  in  driver  actions. 
The  growth  in  use  of  smaller  vehicles  that  resulted  from  a 
variety  of  economic  and  personal  influences  could  conceiva- 
bly affect  highway  safety  due  to  their  differing  crash 
performance  as  compared  to  previous  vehicle  populations. 
Additionally,  the  continuing  improvements  in  both  highway 
and  vehicular  safety  features  have  affected  the  system's 
performance  to  perhaps  a  greater  or  lesser  extent  than  in 
the  past. 
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The  effects  of  this  multitude  of  concurrent  changes  make 
simplified  analysis  of  the  1974  time  period  a  bit 
nebulous  at  best.   For  this  reason  and  others  it  is  deemed 
desirable  to  label  many  conclusions  as  tentative  while 
awaiting  long  range  equilibrium  to  more  clearly  show  the 
lasting  effects  of  the  reduced  national  speed  limit. 


III.   LITERATURE  SURVEY 

No  systematic  attempt  has  been  made  in  this  research 
to  collect  publications  dealing  with  the  55  mph  speed 
limit.   A  number  of  publications  have  been  accumulated, 
however,  and  these  have  been  carefully  examined  both  for 
substantive  results  and  for  useful  research  methodologies. 
This  section  contains  a  brief  summary  of  some  of  these 
materials . 

About  3  years  have  passed  since  the  major  effects 
of  the  energy  shortage  on  road  transport  were  experienced 
in  the  United  States.   The  brief  period  from  November  1973 
until  April  1974  created  a  major  impression  on  the  general 
public  and  on  transportation  authorities  and  other  organi- 
zations involved  with  road  transportation.   As  early  as 
December  1973,  conjectures  were  offered  by  the  Insurance 
Institute  for  Highway  Safety  (7)  concerning  the  possible 
effects  of  the  energy  shortage.   Changes  in  the  transporta- 
tion system  that  might  be  a  result  of  energy  considerations 
but  that  would  affect  highway  safety  mentioned  at  that  time 
included  a  shift  to  smaller,  lighter,  more  efficient 
vehicles;  changes  in  vehicle  occupancy  rates;  increased 
motorcycle  and  bicycle  usage;  vehicle  operating  speed  re- 
ductions; and  restrictions  on  young  drivers  to  name  a  few. 

Since  that  time,  there  has  been  a  proliferation  of 
material  on  the  subject,  although  much  of  it  is  dependent 
on  other  reports,  particularly  on  those  of  the  National 
Safety  Council  (8,  9).   Publications  which  basically  sum- 
marize other  data  and  reports  include:   Voorhees  (3), 
Black  and  Cook  (10),  Council  and  Waller  (11),  Cump  (12), 
Enustun  and  Yang  (13) ,  Rankin  (14) ,  and  Zerega  (15) . 

Several  investigations  were  made  with  respect  to  the 
effects  of  the  energy  crisis  and  reduced  speed  limit  within 
individual  states.   Included  in  these  were  analyses  of 
effects  in  Arizona  (16),  California  (17,  18,  19),  Indiana 
(20),  Kentucky  (21),  Michigan  (22,  23,  24,  25),  Missouri 
(26),  New  Jersey  (27),  North  Carolina  (11,  28,  29),  Ohio 
(12,  30,  31),  Texas  (32),  a  site  in  West  Virginia  (33), 
Utah  (45),  and  Wisconsin  (34).   There  has  even  been  at 
least  one  senior  thesis  on  the  subject  written  by  a  student 
in  economics  at  Harvard  University  (6) . 

With  regard  to  the  results  reported  in  all  the  publi- 
cations surveyed,  many  attribute  a  specific  percentage  of 
the  fatality  reduction  to  the  speed  limit  reduction  while 
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others  do  not.   The  position  of  the  United  States  govern- 
ment according  to  a  speech  given  by  the  then  Acting 
Secretary  of  Transportation,  John  W.  Barnum,  does  not  sug- 
gest more  than  that  ".  .  .  slower  speeds  contributed  to  a 
dramatic  reduction  of  more  than  9,000  fatalities  from  the 
12-month  traffic  toll  of  1973"  (35). 

In  contrast  to  this  non-specific  crediting,  many 
documents  find  the  percentage  of  the  fatality  reduction 
attributable  to  the  speed  limit  to  be  in  the  range  between 
25  and  100  percent.   Some  of  the  conclusions  are: 


Percent  of  Reduction  in 
Deaths  Attributable  to  the 


Reference 

Lower  Speed  Limit 

4 

30-46 

6 

Different  estimates  for  different  states 

8 

45 

9 

65 

16 

100 

19 

58.2 

21 

"The  single  most  important  reason  .  . 

29 

25-50 

36 

50 

37 

33 

38 

"A  large  part  ..." 

As  previously  mentioned,  the  remaining  publications  sur- 
veyed declined  to  give  percentage  estimates. 

Two  factors  trouble  this  research  group  concerning 
the  tabulation  given  above.   First,  many  of  the  publica- 
tions quote  one  another.   The  National  Safety  Council 
reports  (8,  9)  are  frequently  referred  to  in  much  of  the 
surveyed  literature.   It  is  often  difficult  to  disentangle 
how  much  of  a  conclusion  is  based  upon  original  analysis 
of  data,  how  much  on  information  or  conjecture  derived  from 
sources,  and  how  much  represents  informed  conjecture. 
Second,  none  of  the  methods  used  to  arrive  at  these  percen- 
tages appear  to  be  sufficiently  reliable  to  justify  the 
results.   Specifically,  most  researchers  ignore  the  long- 
term  trends  in  fatality  rates  and  many  apply  the  troubling 
assumption  that  travel  and  fatalities  are  linearly  related. 
By  far  the  largest  part  of  the  materials  review  are  con- 
cerned simply  with  the  comparison  of  1974  data  with  the 
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corresponding  months  of  1973.   A  few  also  include  the 
experience  during  1972,  but  very  few  take  into  considera- 
tion the  long-range  trends .   Since  the  fatality  rate  per 
hundred  million  vehicle  miles  of  travel  has  been  declining 
steadily  since  1968,  the  comparison  of  1974  to  1973  only 
could  result  in  the  overestimation  of  the  effect  of  the 
speed  limit  change. 

Many  reports  (8,  16,  17,  19,  37)  used  the  method  of 
subtraction--! . e . ,  attributing  to  the  55  mph  speed  limit 
all  effects  which  are  not  accounted  for  by  some  other 
factor.   The  difficulties  with  this  method  are  that  the 
factors  may  be  correlated  and  the  effects  may  be  nonlinear. 

Consider  the  first  point.   The  following  list  shows 
factors  which  have  been  proposed  in  the  references  as 
influencing  the  1974  drop  in  the  fatality  rate: 

1.  The  nationwide  economic  downturn 

2.  The  reduction  in  mean  speed 

3.  The  reduction  in  the  variance  of  the  speed 

4.  The  reduction  in  total  travel 

5.  Shift  from  nighttime  to  daytime  travel 

6.  Shift  from  weekend  to  weekday  travel 

7.  A  change  in  occupancy  rates 

8.  Truckers'  strike 

9.  Daylight  savings  time  changes 

10.  Historical  trends 

11.  Implementation  of  NHTSA  vehicles  standards 

12.  The  shift  from  rural  to  urban  travel 

13.  Increase  in  occupant  restraint  system  usage 

14.  Shift  in  vehicle  size 

15.  Motorcycle  and  bicycle  usage 

16.  Supplemental  gasoline  containers 

17.  Age  of  vehicle  population 

18.  Restrictions  on  young  drivers 

19.  Street  lighting. 

Since  each  of  these  factors  (as  well  as  others  not 
mentioned  but  related,  for  example,  the  safety  improvements 
implemented  under  the  FHWA  portion  of  the  1966  Highway 
Safety  Act)  probably  did  change,  it  would  be  possible  to 
account  for  a  proportion  of  the  fatality  reduction  equal 
to  the  proportion  of  change  in  each  of  the  items  on  the 
list  as  they  relate  to  reduced  traffic  deaths.   This  could 
possibly  mean,  however,  accounting  for  the  same  drop  in 
fatalities  several  times  over  since  all  the  items  are  not 
mutually  exclusive.   The  principle  of  subtraction  should  be 
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used  with  a  great  deal  of  care  to  determine  that  the  collec- 
tion of  items  are  as  nearly  as  possible  independent  of  one 
another. 

Another  important  point  about  the  subtraction  princi- 
ple is  that  the  items  must  be  subtracted  in  the  right  order. 
A  California  report  (17)  expresses  the  matter  well. 

The  application  of  the  accident  reduction 
variables  covered  within  this  report  must 
follow  a  logical  order.   The  percentage 
reduction  attributed  to  reduced  travel,  for 
example,  must  be  applied  before  the  per- 
centage reduction  attributed  to  a  tighter 
speed  distribution.   This  is  necessary 
because  a  percentage  accident  reduction 
from  a  tighter  speed  distribution  is  only 
relevant  for  those  cars  actually  on  the 
road.   Similar  logic  is  used  to  construct 
the  entire  sequence  of  accident-impacting 
variables . 

The  care  taken  with  this  point  and  other  similar  points 
recommends  the  California  studies  (17,  18)  as  among  the 
better  reports  studied  by  this  research  group. 

In  addition  to  the  question  of  independence,  it  is 
important  to  consider  linearity.   Particularly  with  respect 
to  the  total  vehicle  miles  traveled,  each  author,  with  one 
exception  (6) ,  is  prepared  to  reduce  expected  accident 
experience  linearly  on  the  basis  of  the  reduction  in  vehicle 
miles  traveled.   There  are  a  number  of  good  reasons  why 
this  may  not  be  the  case.   To  begin  with,  the  reduction 
may  have  been  of  certain  types  of  vehicles  which  are  more 
or  less  likely  to  be  involved  in  accidents.   In  the  second 
place,  the  reduction  in  travel  may  have  been  at  certain 
times  or  certain  places  which  are  more  or  less  likely  to  be 
connected  with  accidents.   In  the  third  place,  the  reduc- 
tion in  vehicle  miles  of  travel  may  have  produced  reduced 
traffic  congestion,  i.e.,  reduced  density  of  cars  on  the 
road  which  in  turn  may  well  not  be  connected  with  accident 
experience  in  a  direct  linear  manner.   This  assumption  about 
linearity  of  travel  reduction  effect  on  accidents  stands 
out  clearly  in  many  of  the  documents  reviewed  (8,  9,  19,  32, 
36,  37).   On  the  other  hand,  the  type  of  travel  being  re- 
duced is  carefully  documented  by  Rankin  (39)  and  Keller  in 
the  Harvard  thesis  (6)  argues  why  the  reduction  in  travel 
would  reduce  accidents  nonlinear ly  (pp.  14,  15). 
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Beyond  both  linearity  and  independence,  the  problem 
of  measurability  comes  to  light  when  considering  the 
variety  of  factors  affecting  highway  safety.   A  cursory 
examination  of  the  tabulation  of  factors  given  here  re- 
veals the  inherent  inexactness  of  almost  any  measuring 
attempts.   Contributing  to  this  problem,  and  perhaps  com- 
pounding it,  is  the  aforementioned  interdependence  of  many 
of  the  listed  factors. 

Another  problem  that  is  revealed  in  the  inspection  of 
the  literature  is  that  there  exists  a  fine  distinction  be- 
tween reduced  operating  speeds  and  the  speed  limit  change. 
Most  authors  assume  without  discussion  that  it  was  the 
speed  limit  that  caused  the  reduced  operating  speeds,  and, 
therefore,  that  a  continuation  of  the  speed  limit  would  in- 
duce a  continuation  of  the  reduced  operating  speeds.   One 
report  emanating  from  the  traffic  engineering  profession 
(40)  questions  this  assumption  and  suggests  that  it  might 
be  due  to  other  factors  associated  with  the  "crisis"  of 
1974.   That  report  bases  its  conclusion  on  the  professional 
experience  that  speed  limits  which  are  too  low  may  be 
counterproductive  inasmuch  as  actual  operating  speeds  may 
increase  when  a  lower,  unrealistic  limit  is  introduced. 

The  question  of  whether  the  55  mph  limit  is  "too  low" 
has  hardly  been  addressed,  except  in  one  theoretical 
analysis  by  Crouch  (41).   He  concludes,  partly  on  the  basis 
of  economic  assumptions  regarding  enforcement  policies, 
that  the  55  mph  limit  is  "too  low." 

A  useful  idea  may  be  the  cost  benefit  analysis  of  the 
55  mph  speed  limit  and  two  publications  attempt  to  do  this 
(6,  42).   In  both  cases,  it  is  of  course  necessary  to  make 
some  assumptions  about  the  cost  of  road  losses,  and  both 
authors  use  standard  methods  and  accepted  conjectures. 
With  respect  to  costs,  both  authors  recognize  delay  as  the 
principal  cost,  but  Keller  (6)  also  attributed  consider- 
able cost  to  enforcement.   Castle  (42)  obtains  a  benefit 
to  cost  ratio  of  0.823,  implying  that  on  this  analysis,  the 
55  mph  speed  limit  is  not  justified.   Keller,  on  the  other 
hand,  performs  his  calculations  under  a  number  of  different 
contingencies  with  the  following  typical  results: 

Best  guess  benefit/cost  =  0.159 
Low  cost-high  benefit  =  0.655 
High  cost-low  benefit   =  0.01014 

These  two  authors'  results  are  greatly  at  variance. 
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In  summary,  most  of  the  papers  reviewed  ascribe  safety 
benefits  to  the  55  mph  speed  limit.   We  believe,  however, 
that  some  of  the  considerations  mentioned  above  make  it 
impossible  to  precisely  determine  the  magnitude  of  the 
safety  benefits.   In  our  view,  those  publications  which  do 
not  assign  definite  percentages  may  well  be  expressing  more 
precisely  the  strength  of  conclusions  which  the  evidence 
will  support  at  this  time.   Furthermore,  when  several 
measures  are  introduced  simultaneously,  the  possibility 
exists  that  disentangling  the  effects  cannot  be  done.   Un- 
fortunately, the  speed  limit  was  introduced  at  virtually 
the  same  time  as  so  many  other  presumably  significant 
factors.   Two  primary  influences  on  drivers  were  changed: 
speed  limit  on  one  hand  and  fuel  shortage  and  fuel  prices 
on  the  other.   These  two,  affecting  100  million  drivers  of 
varying  circumstances,  must  have  affected  them  in  many 
different  ways  which  are  not  easily  measured. 

One  final  important  realization,  well  expressed  in  the 
Harvard  senior  thesis  by  Keller  is  that  the  long-range 
effect  of  the  55  mph  speed  limit  can  hardly  be  inferred 
from  the  initial  experience  of  two  years,  especially  begin- 
ning in  the  winter  of  1973-74  with  a  nationwide  perception 
of  emergency.   Keller  (6)  writes,  "Thus,  the  costs  and 
benefits  of  making  the  55  mph  speed  limit  permanent  should 
be  the  costs  and  benefits  of  the  limits  when  the  system  is 
in  equilibrium."   Probably  more  time  must  pass  before  the 
system  can  be  considered  in  equilibrium. 


15 


IV.   ANALYSIS  OF  NATIONWIDE  DATA 

The  purposes  of  this  chapter  are  to  describe  the  1974 
nationwide  changes  in  accident,  travel  and  speed  data  and 
to  present  the  results  of  an  analysis  of  nationwide  fatal- 
ity and  injury  data  categorized  by  highway  type.   The 
analysis  by  highway  type  is  particularly  important  since 
it  reveals  that  the  largest  decreases  in  fatality  and 
injury  rates  took  place  on  highways  with  the  most  mileage 
formerly  posted  at  more  than  55  mph. 

Accident  data  presented  in  this  section  was  provided 
by  the  FHWA  Accident  Analysis  Division.   Travel  and 
speed  data  were  provided  by  the  FHWA  Office  of  Planning. 

Overview  of  Nationwide  Changes 

The  energy  crisis  events  of  1973  and  1974  had  strong 
effects  on  the  amount  of  travel  done  on  U.  S.  highways  and 
apparently  on  the  number  and  severity  of  accidents. 
Figure  1  shows  annual  travel  (measured  in  hundred  million 
vehicle  miles)  on  all  roads  in  the  United  States  from  1968 
through  1975.   This  plot  clearly  illustrates  a  definite 
linear  trend  from  1968  through  1973  followed  by  a  decrease 
in  travel  in  1974.   Interestingly,  travel  in  1975  increased 
from  the  1974  value  but  not  at  a  rate  quite  as  high  as  that 
during  1968  through  1973.   The  1974  decrease  in  vehicle 
miles  of  travel  was  a  229  hundred  million  vehicle  mile  de- 
crease from  the  1973  value,  but  the  reversal  of  the  growth 
rate  makes  the  1974  change  from  its  predicted  value  much 
greater.   Fitting  a  straight  line  (using  the  method  of 
least  squares)  to  the  1968  through  1973  data  yields  a  model 
which  can  be  used  to  calculate  a  predicted  1974  travel 
value.   Such  analysis  indicates  that  1974  travel  was  in 
fact  815  hundred  million  vehicle  miles  below  what  might 
have  been  expected  had  no  disruption  taken  place.   The 
technique  of  measuring  deviation  from  a  predicted  value 
will  be  an  important  one  in  the  analysis  presented  in  this 
report . 

Figure  2  shows  the  annual  number  of  highway  fatalities 
on  all  roads  in  the  United  States  between  1968  and  1975. 
Prior  to  1974  fatalities  exhibited  no  clear  trend  with  an 
annual  death  count  of  approximately  55,000.   In  1974  fatali- 
ties decreased  to  46,049  as  compared  to  the  1973  value  of 
55,087.   Fatalities  remained  down  in  1975  with  a  fatality 
total  of  45,497.   Some  of  the  decrease  in  fatalities  was 
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Figure  1.   Nationwide  Vehicle  Miles  of  Travel,  1968-75 
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Figure  2.   Nationwide  Fatalities,  1968-75 
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certainly  associated  with  reduced  travel.   In  order  to  con- 
sider travel,  the  fatality  rate,  fatalities  per  hundred 
million  vehicle  miles  of  travel,  was  considered.   Figure  3 
illustrates  the  fatality  rate  in  the  United  States  between 
1968  and  1975. 

Inspection  of  Figure  3  indicates  that  the  death  rate 
decreased  steadily  between  1968  and  1973.   In  1974  the  rate 
dropped  sharply  from  4.20  to  3.57.   The  1975  fatality  rate 
decreased  further  to  3.42.   The  1974  drop  was  much  greater 
than  the  annual  decreases  seen  before  1974.   Fitting  a 
straight  line  to  1968  through  1973  data  (once  again  using 
the  method  of  least  squares)  produces  a  predicted  1974 
fatality  rate  of  3.94.   This  means  that  the  1974  fatalities 
per  hundred  million  vehicle  miles  were  0.37  lower  than 
what  might  have  been  expected  had  there  been  no  changes  to 
the  system. 

Figure  4  shows  the  annual  number  of  fatalities  per 
fatal  accident  in  the  United  States  between  1968  and  1974. 
The  total  number  of  fatal  accidents  in  1975  was  not  avail- 
able at  the  time  of  this  report.   The  number  of  fatalities 
per  fatal  accident  was  gradually  declining  from  1968  to 
1973  and  then  decreased  much  more  sharply  in  1974.   There 
are  at  least  four  possible  explanations  for  this  decrease. 
First,  the  reduced  severity  of  accidents  at  lower  speeds 
should  produce  this  effect.   Second,  a  reduced  number  of 
auto  occupants  would  lead  to  a  decrease  in  fatalities  per 
fatal  accident  (no  data  was  located  which  answered  the 
occupancy  question).   Third,  a  disproportionate  decrease  in 
multiple  vehicle  accidents  would  also  lead  to  this  effect. 
Fourth,  the  use  of  seat  belts  and  other  vehicle  safety  pre- 
cautions could  reduce  fatalities  per  fatal  accident. 

The  number  of  injuries  and  the  number  of  injuries  per 
hundred  million  vehicle  miles  of  travel  in  the  United  States 
between  1968  and  1974  (Figures  5  and  6)  do  not  exhibit  the 
same  patterns  as  fatalities  and  the  fatality  rate.   Nation- 
wide injuries  did  drop  substantially  in  1974  from  the  1973 
level,  but  the  injury  rate  per  hundred  million  vehicle 
miles  of  travel  in  1974  does  not  appear  significantly  out 
of  line  with  the  decreasing  trend  in  injury  rates  since 
1968  seen  in  Figure  6.   The  regression  analysis  reported  in 
Chapter  IV  indicates  that  this  1974  rate  is  not  significant- 
ly different  statistically  from  a  predicted  1974  rate  based 
on  the  past  trend. 
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Figure  3.   Nationwide  Fatality  Rate,  1968-75 
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The  relationship  between  reduced  speeds  on  one  hand 
and  accident  severity  on  the  other  is  a  matter  of  conjec- 
ture.  According  to  the  most  unsophisticated  analysis,  each 
severity  category  should  be  reduced  if  impact  speeds  were 
in  fact  lowered  in  proportion  to  traveling  speeds.   There 
are  several  difficulties  with  this  type  of  argument.   In 
the  first  place,  it  is  not  safe  to  presume  a  direct  rela- 
tionship between  speed  at  the  time  of  collision  and  travel- 
ing speed  as  recorded  in  official  information.   A  number 
of  other  factors  could  be  involved,  not  the  least  of  which  is 
speed  reduction  due  to  emergency  maneuvers  just  prior  to 
collision.   Statistically,  it  might  be  argued  that  some  in 
each  of  the  severity  categories  would  simply  be  displaced 
into  the  next  lower  category:   fatal  to  severely  injured, 
and  severely  injured  to  lightly  injured.   This  would  be 
analogous  to  a  row  of  men  each  taking  a  step  to  the  left, 
so  that  only  the  individual  at  the  right  leaves  an  empty 
place.   According  to  this  argument,  the  kind  of  injury  re- 
duction which  could  be  considered  most  compatible  with  a 
substantial  effect  of  speed  reduction  would  be  a  reduction 
in  fatalities,  with  less  pronounced  reduction  in  other 
categories . 

In  a  general  way,  this  is  what  our  research  reveals, 
but  it  must  be  admitted  that  the  jump  from  this  observation 
to  a  confident  statement  about  the  national  55  mph  speed 
limit  involves  the  series  of  conjectures  detailed  in  the 
preceding  paragraph. 

Finally,  the  effect  of  the  reduced  maximum  speed  limit 
on  actual  operating  speeds  should  be  noted.   Figures  7  and 
8  provide  information  concerning  vehicle  speeds  on  rural 
Interstate  highways.   The  speeds  shown  were  collected  on 
level,  straight  sections  of  roadway  during  off-peak  periods 
of  the  day  where  drivers  can  travel  at  their  desired  speed, 
usually  unimpeded  by  other  traffic.   Therefore,  the  speed 
data  and  conclusions  about  it  are  based  only  on  that  portion 
of  travel  which  occurs  under  free-flow  conditions.   However, 
it  is  this  portion  of  travel  on  which  a  reduction  in  speed 
limits  would  have  the  greatest  impact.   Virtually  all  rural 
interstate  highways  had  speed  limits  over  55  miles  per  hour 
prior  to  the  speed  limit  change.   In  1973,  the  estimated 
mean  speed  of  passenger  cars  on  rural  interstate  was 
approximately  67  mph  while  for  trucks  the  mean  speed  was 
approximately  60  mph.   After  the  speed  limit  change,  the 
mean  speed  of  passenger  cars  on  rural  interstate  dropped  to 
58  mph  in  1974  while  trucks  had  a  mean  speed  on  rural  inter- 
state in  1974  of  about  56  mph.   Average  speeds  of  both 
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passenger  cars  and  trucks  remained  at  these  same  1974 
levels  in  1975. 

Perhaps  the  most  dramatic  change  in  operating  speeds  on 
rural  Interstates  was  in  the  percentage  of  passenger  cars 
exceeding  65  mph.   In  1974  this  percentage  dropped  to  approxi- 
mately 10  percent  from  the  1973  level  of  59  percent.   In 
1975  this  percentage  decreased  slightly  more  to  8  percent. 
The  percentage  of  cars  exceeding  55  mph  on  rural  interstate 
decreased  to  68  percent  in  1974  from  93  percent  in  1973.   In 
1975  the  percentage  of  cars  exceeding  55  mph  increased 
slightly  to  71  percent.   Note  that  while  speeds  are  generally 
above  the  55  mph  speed  limit,  speeds  are  much  more  uniform 
than  before  the  speed  limit.   In  1975  approximately  63 
percent  of  passenger  cars  travelled  between  55  and  65  mph. 

Figure  8  indicates  that  trucks  had  the  same  speed 
trends  in  1974  and  1975  as  passenger  cars.   In  1974  the 
percentage  of  trucks  travelling  over  65  mph  was  6  percent, 
compared  to  25  percent  in  1973.   The  percentage  of  trucks 
travelling  over  55  mph  decreased  to  57  percent  in  1974  from 
77  percent  in  1973.   In  1975  the  percentage  of  trucks 
exceeding  55  mph  increased  to  61  percent. 

Analysis  of  Nationwide  Data  by  Highway  Type 

This  section  describes  an  analysis  of  annual  nationwide 
fatalities  and  injuries  per  hundred  million  vehicle  miles  of 
travel.   The  data  was  categorized  by  highway  system  in 
accordance  with  the  procedures  used  by  FHWA.   The  data  was 
provided  by  the  Accident  Analysis  Division,  Federal  Highway 
Administration,  and  is  published  in  the  annual  pamphlet, 
Fatal  and  Injury  Accident  Rates ,  although  the  data  used  for 
this  analysis  included  several  revisions  to  the  data  as 
originally  published. 

Figures  9  through  11  are  plots  of  the  fatality  rates 
from  1968  through  1974  on  different  highway  systems  in  the 
United  States.   Examination  of  these  plots  reveals  a  gener- 
ally decreasing  trend  in  fatality  rates  since  1968.   (1968 
was  used  as  the  starting  year  in  this  analysis  because  data 
prior  to  that  year  showed  different  trends  than  those  after 
1968.)   For  most  of  the  highway  systems,  the  1974  decrease 
in  fatality  rate  is  larger  than  the  annual  decreases  occur- 
ring between  1968  and  1973.   Furthermore,  there  is  a  ten- 
dency for  the  highway  systems  with  a  larger  proportion  of 
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and  All  Urban  Roads 


28 


o 
o 


CO 
0) 
•H 
■U 
•H 
.-I 

cd 

4-) 

Ctf 


7.0  — i 


6.0  — 


5.0 


4.0  — 


0  — 


2.0  — 


1.0 


All  Federal  Aid 
Secondary 


Federal  Aid  Primary 
(Non- Interstate) 


All  Interstate 


T 


T 


T 


1 


19C8    1969    1970   1971   1972    1973   1974 


Figure  10 . 


U.  S.  Fatality  Rate--All  Interstate,  Federal 
Aid  Primary  (Non  Interstate)  and  All  Federal 
Aid  Secondary  Roads . 

29 


5.0-i 


4.5- 


4.0- 


3.5—1 


All  Local  Roads 


All  Non-Federal  Aid 


r 


T 


T 


1968   1969   1970 


— I 1-"" 

1971   1972 


T 


1 


1973   1974 


Figure  11.   U.  S.  Fatality  Rate--All  Non-Federal 
Aid  and  All  Local  Roads 


30 


high  speed  roads  to  show  a  larger  decrease  in  fatality  rate 
in  1974.   For  example,  in  Figure  9,  a  much  larger  1974  de- 
crease is  seen  on  rural  roads.   (Care  should  be  taken  when 
examining  these  plots  since  the  scale  of  the  vertical  axis 
changes  from  plot  to  plot.)   Figure  10  indicates  large 
decreases  in  fatality  rates  on  Interstate,  Federal  Aid 
Primary,  and  Federal  Aid  Secondary  highways.   Figure  11 
indicates  that  the  decreases  in  fatality  rates  on  NonFederal 
Aid  and  Local  roads  were  not  unusual  when  compared  to  the 
decreases  taking  place  between  1968  and  1973. 

The  impact  of  the  55  mph  speed  limit  and  the  energy 
crisis  was  estimated  statistically  by  first  finding  the  best 
fitting  straight  line  for  the  1968  through  1973  rate.   This 
was  done  separately  for  each  highway  system.   The  straight 
line  model  was  then  used  to  get  a  predicted  1974  value  based 
on  the  past  trend.   This  predicted  1974  rate  was  then 
compared  to  the  actual  1974  rate.   Assuming  that  the  prel974 
trends  would  have  continued  had  there  been  no  energy  crisis, 
the  difference  between  the  actual  and  predicted  rates  might 
reasonably  be  attributed  to  the  speed  limit  and  other  energy 
crisis  induced  changes. 

Table  1  summarizes  regression  results  for  annual  fat- 
ality rates  on  various  highway  systems.   The  first  three 
columns  in  this  table  provide  information  concerning  the 
differences  between  actual  and  predicted  1974  rates.   The 
fourth  column  in  the  table  is  the  percentage  difference 
between  the  1974  actual  and  predicted  rates.   This  percen- 
tage is  calculated  as 

«  u  ->  nn    1974  actual-predicted 

o   change  =  100  x  rrm S  • — tt~. 3 

&  1974  predicted 

i.e.,  100  times  the  third  column  divided  by  the  second 
column. 

The  fifth  column  of  the  table  presents  a  "standardized" 
difference  between  the  actual  and  predicted  rates.   This 
standardization  is  done  by  dividing  the  difference  between 
actual  and  predicted  by  the  estimated  standard  deviation  of 
the  1968  through  1973  about  the  regression  line.   This 
standard  deviation  is  calculated  using  the  formula 
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Table  1.   Regression  Results  for  Nationwide  Fatalities 
Per  Hundred  Million  Vehicle  Miles  of  Travel 


Highway  System 

Rural 

All 

Interstate 
Fed.  Aid  Prim. 
Fed.  Aid  Sec. 
Non  Fed.  Aid 
Local 


(non  IS) 


1974 

1974 

1974 

Perc. 

Std.  1968-19 

Actual 

Pred. 

Diff . 

Diff. 

Diff. 

R2 

4.87 

5.55 

-  .68 

-12.3 

-  7.65 

97.4 

1.80 

2.58 

-  .78 

-30.2 

-13.00 

98.0 

4.81 

5.90 

-1.09 

-18.5 

-13.22 

97.9 

6.32 

6.83 

-  .51 

-  7.5 

-  2.99 

86.1 

5.92 

6.11 

-  .19 

-  3.1 

-   .67 

57.2 

6.12 

6.17 

-  .05 

-   .8 

-   .20 

70.4 

Urban 

All  2.49  2.62 

Interstate  1.32  1.74 

Fed.  Aid  Prim,  (non  IS)    2.75  2.99 

Fed.  Aid  Sec.  3.14  3.14 

Non  Fed.  Aid  2.62  2.52 

Local  2.69  2.50 
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-  5.0 

-  1.77 

94.7 

42 

-24.1 

-  4.20 

75.1 

24 

-  8.0 

-  1.13 

52.5 

00 

0.0 

0.00 

84.4 

10 

4.0 

1.56 

97.6 

19 

7.6 

2.69 

97.8 

Rural  Plus  Urban 

All 

Interstate 
Fed.  Aid  Prim. 
Fed.  Aid  Sec. 
Non  Fed.  Aid 
Local 


(non  IS) 


3.57 
1.55 
3.87 
5.39 
3.65 
3.93 


3.94 
2.16 
4.55 
5.60 
3.57 
3.74 
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-  9.4 

-  6.08 

98.4 

61 

-28.2 

-  6.50 

99.0 

68 

-14.9 

-16.49 

93.5 

21 

-  3.8 

-  1.49 

92.0 

08 

2.2 

.82 

93.1 

19 

5.1 

1.92 

94.8 
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where  Y±   is  the  fatality  rate  in  the  itn  year  (i  =  1  for 
1968  up  to  i  =  6  for  1973) ,  yi  denotes  the  predicted  fat- 
ality rate  in  the  ith  year  and  n  is  the  number  of  data 
points  used  to  estimate  the  line--in  this  case,  6.   The 
reason  for  standardizing  the  difference  is  to  take  into 
account  the  precision  of  the  model.   A  straight  line  model 
which  fits  the  data  almost  perfectly  will  have  a  low 
standard  deviation  while  a  model  which  misses  the  data  due 
to  variability  in  the  data  will  have  a  relatively  high 
standard  deviation.   A  1974  difference  calculated  from  a 
model  with  low  standard  deviation  should  be  considered 
more  significant  than  the  same  difference  calculated  from  a 
model  with  high  standard  deviation.   Dividing  the  differ- 
ence by  the  standard  deviation  yields  a  number  which  can 
be  interpreted  in  this  manner.   Additionally,  the  standard- 
ized difference  can  be  viewed  as  approximately  a  t-value 
for  the  purposes  of  determining  statistical  significance. 
With  6  data  points  used  to  estimate  the  model,  a  critical 
t-value  is  -2.13  (4  degrees  of  freedom)  for  a  .05  signifi- 
cance level.   Any  standardized  difference  below  -2.13 
should  be  considered  as  a  statistically  significant  de- 
crease below  the  predicted  rate  based  on  the  historical 
trend.   The  t-value  corresponding  to  a  .01  significance 
level  is  -3.75. 

The  final  column  in  the  table  gives  the  R.2  values  for 
the  straight  line  models.   A  high  value  of  R^  indicates  a 
precise  fit  to  the  data.   A  low  value  of  R^  indicates  two 
different  possibilities  —  either  the  incorrect  model  has 
been  used  or,  as  is  the  case  for  this  data,  the  data  is 
quite  variable  around  the  fitted  straight  line.   High  P/ 
values  will  generally  correspond  to  low  values  of  standard 
deviation  about  the  regression  line. 

Table  1  summarizes  regression  results  for  fatality 
rates.  .  Considering  rural  systems  first,  Table  1  reveals 
that  all  rural  systems  had  1974  fatality  rates  below  pre- 
dicted 1974  fatality  rates.   The  difference  between  the 
actual  and  predicted  fatality  rates  was  statistically 
significant  for  Rural  Interstate,  Rural  Federal  Aid  Primary 
and  Rural  Federal  Aid  Secondary.   The  difference  between 
the  actual  and  predicted  fatality  rates  was  not  statistic- 
ally significant  for  Rural  Non  Federal  Aid  highways  and 
Rural  Local.   Interestingly,  the  magnitudes  of  percentage 
differences  are  in  accordance  with  the  overall  quality  and 
speed  limit  affectability  of  the  highway  systems  considered 
Highway  systems  with  the  most  high  speed  facility  had  the 
largest  percentage  differences  between  actual  and  predict- 
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fatality  rates  while  systems  with  less  high  speed  facility 
had  the  smallest  percentage  differences.   Rural  interstate 
had  the  greatest  percentage  decrease  among  rural  systems, 
30.2%,  while  Rural  Local  had  the  least  percentage  decrease, 
-.8. 

Looking  at  the  results  for  Urban  classifications,  one 
sees  that  for  all  Urban  roads  the  actual  1974  rate  of  2.49 
is  slightly  below  the  predicted  rate  of  2.62,  but  this  dif- 
ference is  not  statistically  significant.   Of  the  different 
Urban  systems  considered,  only  Urban  Interstate  had  a  stat- 
istically significant  difference  between  the  actual  and 
predicted  1974  rates.   The  1974  fatality  rate  was  lower 
than  predicted  on  Urban  Federal  Aid  Primary  highways  as  well 
but  this  difference  was  not  statistically  significant. 
Urban  Federal  Aid  Secondary  had  a  1974  fatality  rate  equal 
to  the  predicted  1974  fatality  rate  while  Urban  Non  Federal 
Aid  and  Urban  Local  had  rates  higher  than  predicted.   Once 
again,  the  percentage  difference  column  is  exactly  in 
accordance  with  the  overall  operating  speeds  on  the  highway 
systems.   The  Urban  Interstate  1974  fatality  rate  was  5 .  07o 
below  the  predicted  rate  while  the  1974  Urban  Local  rate 
was  7  .  670  above  predicted. 

The  1974  fatality  rate  on  all  highways  in  the  nation 
was  3.57  which  was  .37  below  the  predicted  rate  of  3.94. 
This  difference  is  statistically  significant.   There  were 
statistically  significant  decreases  in  fatality  rate  on  all 
Interstate  and  on  Federal  Aid  Primary.   All  Federal  Aid 
Secondary  also  had  a  1974  fatality  rate  below  predicted, 
although  the  difference  was  not  statistically  significant. 
All  Non  Federal  Aid  and  All  Local  had  1974  fatality  rates 
slightly  above  their  predicted  rates. 

Nonfatal  injuries  per  hundred  million  vehicle  miles  of 
travel  did  not  have  the  same  overall  decrease  in  1974  that 
the  fatality  rate  did.   Figures  12  through  14  are  plots  of 
the  injury  rates  on  different  highway  systems  in  the  United 
States  from  1968  through  1974.   During  that  time  the  injury 
rate  was  generally  decreasing.   On  many  of  the  highway  sys- 
tems, the  1974  decrease  in  injury  rate  does  not  appear  much 
sharper  than  the  typical  decreases  from  1968  through  1973. 
A  notable  exception  is  the  injury  rate  on  Interstate  high- 
ways (Figure  13)  which  dropped  sharply  in  1974.   The  de- 
crease in  injury  rate  on  all  Rural  roads  (Figure  12)  also 
seems  to  be  more  than  the  previous  annual  decreases. 
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Figure  13.   U.  S.  Injury  Rate--All  Interstate, 

Federal  Aid  Primary  (Non  Interstate) 
and  All  Federal  Aid  Secondary  Roads 
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Table  2  summarizes  regression  results  for  injury 
rates.   Most  highway  systems  considered  had  1974  injury 
rates  which  were  slightly  higher  than  predicted  from  the 
1968  through  1973  trend.   For  all  highways  in  the  nation, 
the  1974  injury  rate  was  205.72  injuries  per  hundred 
million  vehicle  miles  of  travel  which  was  slightly  above 
the  predicted  1974  injury  rate  of  201.58.   The  only  stat- 
istically significant  differences  were  on  the  Interstate 
system  (both  Rural  and  Urban)  and  on  the  Rural  Federal  Aid 
Primary  system.   The  Interstate  injury  rates  were  sharply 
below  the  predicted  rates- -the  Rural  injury  rate  was  26.5 
percent  below  the  predicted  rate  and  the  Urban  rate  was 
20.4  percent  below  the  predicted  rate.   The  only  other  sys- 
tem with  a  1974  rate  below  its  predicted  rate  was  the  Rural 
Federal  Aid  Secondary  system.   The  percentage  difference 
results  for  rural  and  urban  highways  combined  are  ordered 
exactly  as  the  fatality  rates  were. 

In  summary,  these  results  seem  to  support  the  safety 
benefits  of  the  55  mph  speed  limit,  particularly  with  re- 
gard to  fatalities  per  hundred  million  vehicle  miles  of 
travel.   The  largest  drops  in  fatality  rates  occurred  on 
highway  systems  which  had  the  largest  amount  of  highway 
affected  by  the  speed  limit  change.   Generally,  the  injury 
rate  results  are  consistent  with  the  fatality  rate  patterns 
The  change  in  injury  rates  during  1974,  however,  is  less 
dramatic  than  in  fatality  rates.   Injury  rates  did  decrease 
significantly  on  the  previously  high  speed  Interstate 
facility  and  also  on  the  Rural  Federal  Aid  Primary  system. 
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Table  2.   Regression  Results  for  Nationwide  Injuries  Per 
Hundred  Million  Vehicle  Miles  of  Travel 


Highway  System 
Rural 


1974 
Act. 


1974 
Pred. 


1974 
Diff. 


Perc 
Diff 


Std. 
Diff. 


1968-1977 
R2 


All 

Interstate 
Fed.  Aid  Prim. 
Fed.  Aid  Sec. 
Non  Fed.  Aid 
Local 


(non  IS) 


149.51 

153.76 

-  4.25 

-  2.8 

-  1.33 

94.5 

41.84 

56.96 

-15.06 

-26.5 

-10.00 

94.5 

127.15 

143.17 

-16.02 

-11.2 

-  3.99 

74.6 

185.48 

188.15 

-  2.67 

-  1.4 

-   .33 

37.8 

252.64 

233.64 

19.00 

8.1 

.78 

57.1 

255.42 

240.84 

14.58 

6.1 

.94 

71.2 

Urban 

All 

Interstate 
Fed.  Aid  Prim. 
Fed.  Aid  Sec. 
Non  Fed.  Aid 
Local 


(non  IS) 


252.17 

240.10 

12.07 

5.0 

1.98 

97.0 

77.21 

96.74 

-19.73 

-20.4 

-  8.55 

79.4 

248.94 

223.26 

25.68 

11.5 

1.74 

77.7 

286.45 

247.07 

39.38 

15.9 

2.93 

90.3 

307.04 

299.06 

7.98 

2.7 

.47 

87.0 

311.65 

296.80 

14.85 

5.0 

.89 

89.9 

Rural  Plus  Urban 


All 

Interstate 
Fed.   Aid  Prim, 
Fed.    Aid   Sec. 
Non   Fed.    Aid 
Local 


(non   IS) 


205.72 

201.58 

4.14 

2.1 

1.04 

96.9 

59.96 

77.05 

-17.09 

-22.2 

-14.99 

95.8 

182.45 

181.23 

1.22 

.7 

.24 

86.8 

215.04 

209.47 

5.57 

2.7 

.76 

79.4 

290.13 

280.10 

10.03 

3.6 

1.21 

95.8 

291.24 

277.95 

13.29 

4.8 

1.52 

95.8 
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V.   STATEWIDE  FATALITIES  AND  INJURIES 

Fatality  and  injury  data  were  analyzed  for  a  sample  of 
seventeen  states  which  offered  a  wide  range  of  traffic  and 
demographic  conditions.   Statewide  data  analyzed  included 
both  annual  data  and  monthly  data.   The  annual  data  was 
examined  in  a  manner  similar  to  the  manner  in  which  the 
nationwide  data  was  considered.   Monthly  data  was  analyzed 
using  time  series  methods  and  a  model  which  combined 
features  of  both  regression  and  analysis  of  variance. 


Annual  Fatalities  and  Injuries 

This  section  describes  a  regression  analysis  of  annual 
statewide  fatality  and  injury  rates  for  the  seventeen 
states  in  the  sample.   Tabulations  of  annual  data  between 
1968  and  1975  for  each  of  the  sample  states  are  provided 
in  Appendix  D.   Appendix  E  contains  plots  of  fatality 
rates  since  1968  in  each  of  the  sample  states.   As  before, 
the  source  of  the  data  used  was  the  Accident  Analysis 
Division,  Office  of  Highway  Safety,  FHWA. 

Inspection  of  the  plots  in  Appendix  E  indicates  that 
a  simple  straight  line  is  generally  the  most  adequate 
description  of  the  trends  in  fatality  rates  since  1968. 
Plots  of  injury  rates  in  each  state  also  indicate  linear 
trends.   For  this  reason,  the  same  procedure  just  used  for 
national  data  was  repeated  for  state  data.   That  procedure 
entails  fitting  a  straight  line  to  1968  through  1973  data, 
using  that  straight  line  to  predict  a  1974  rate,  and  then 
comparing  the  actual  1974  rate  to  that  predicted  1974  rate 
Table  3  gives  results  of  this  procedure  used  on  statewide 
annual  fatality  rates.   The  columns  of  this  table  are  the 
same  as  those  in  Tables  1  and  2.   The  first  three  columns 
describe  the  actual  and  predicted  1974  fatality  rates.   The 
fourth  column  gives  the  percentage  difference  between  the 
actual  and  predicted  rate.   The  fifth  column  provides  a 
standardized  difference  and  the  final  column  gives  the  R^ 
value  for  the  straight  line  model. 

Twelve  of  the  seventeen  states  in  the  sample  had  1974 
actual  fatality  rates  below  their  predicted  1974  fatality 
rates  based  on  past  trends.   Those  states  with  large  1974 
differences  between  actual  and  predicted  rates  were  Missis- 
sippi and  Missouri.   The  1974  Mississippi  fatality  rate  in 
particular  was  almost  2  fatalities  per  hundred  million  ve- 
hicle miles  less  than  the  predicted  rate.   Other  states 
with  large  decreases  were  Arizona,  Georgia,  New  York,  North 
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Table  3.  Statewide  Annual  Fatality  Rate  Regression  Results 


State 

1974 
Actual 

1974 
Pred. 

1974 
Act. -Pred. 

Perc. 
Diff. 

Std. 
Diff. 

1968-19 
R2 

Arizona 

4.77 

5.30 

-  .53 

-10.0 

-1.68 

72.1 

California 

3.15 

3.52 

-  .37 

-10.5 

-2.25 

83.7 

Colorado 

3.80 

3.75 

.05 

1.3 

0.20 

89.7 

Georgia 

4.40 

4.92 

-  .52 

-10.6 

-4.39 

96.8 

Massachusetts 

3.40 

3.21 

.19 

5.9 

1.16 

51.2 

Michigan 

3.36 

3.34 

.02 

0.6 

0.08 

83.0 

Minnesota 

3.47 

3.71 

-  .24 

-  6.5 

-1.36 

88.1 

Mississippi 

4.68 

6.86 

-1.98 

-28.9 

-4.75 

45.4 

Missouri 

3.52 

4.47 

-  .95 

-21.3 

-8.33 

96.4 

New  York* 

4.03 

4.68 

-  .65 

-13.9 

-2.49 

96.8 

North  Carolina 

4.53 

4.96 

-  .43 

-  8.7 

-1.96 

90.7 

Ohio 

3.01 

3.31 

-  .30 

-  9.1 

-1.38 

88.2 

Pennsylvania 

3.19 

3.36 

-  .17 

-  5.1 

-1.05 

81.2 

Texas 

3.87 

4.39 

-  .52 

-11.8 

-5.81 

99.6 

Virginia 

3.12 

3.19 

-  .07 

-  2.2 

-0.70 

97.6 

Washington 

3.36 

3.16 

.20 

6.3 

1.03 

88.7 

Wyoming 

5.65 

5.27 

.38 

7.2 

0.46 

25.6 

*1969-73  used  for  trend. 
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Carolina,  and  Texas.   When  looking  at  the  column  of  percen- 
tage differences,  one  sees  that  most  of  the  percentage  de- 
creases were  about  10  percent,  with  Mississippi  and 
Missouri  having  considerably  larger  decreases.   (Recall 
that  the  analysis  presented  in  Table  1  indicated  that  the 
nationwide  1974  fatality  rate  was  9.4  percent  below  the 
predicted  rate--a  result  approximated  by  several  of  the 
sample  states . ) 

The  main  reason  for  analyzing  individual  states  was  to 
determine  if  fatality  rate  decreases  might  be  related  to 
specific  highway,  demographic,  or  speed  limit  enforcement 
policies.   There  seems,  however,  to  be  no  pattern  to  the 
amount  of  difference  between  the  predicted  and  actual  rates 
in  the  sample  states.   The  amount  of  difference  seems  un- 
related to  the  various  demographic  and  traffic  character- 
istics considered  in  the  selection  of  the  states.   Further- 
more, there  is  no  discernible  relationship  between  the 
amount  of  difference  and  enforcement  and  compliance  poli- 
cies in  the  different  states.   Table  4  presents  speed  and 
enforcement  characteristics  of  each  of  the  states  in  the 
sample.   The  source  of  this  table  is  a  Federal  Energy 
Administration  paper  by  Zerega  (15) . 

Five  states  had  1974  fatality  rates  which  were  above 
their  predicted  rates.   These  states  were  Colorado,  Massa- 
chusetts, Michigan,  Washington,  and  Wyoming.   In  terms  of 
enforcement  and  compliance  of  the  55  mph  speed  limit, 
these  states  do  not  seem  different  than  other  states  in 
the  sample.   Michigan,  however,  was  one  of  the  few  states 
in  the  sample  to  issue  fewer  speeding  citations  in  1974 
than  in  1973.   On  the  other  hand,  Colorado  had  the  most 
dramatic  drop  of  all  sample  states  in  the  percentage  of 
automobiles  travelling  over  55  mph  on  main  rural  roads. 
Three  of  these  five  states  with  actual  rates  above  pre- 
dicted—Colorado, Michigan,  and  Wyoming --impose  no  penalty 
unless  the  speed  limit  prior  to  the  reduced  speed  limit 
was  exceeded. 

The  1975  accident  and  travel  data  was  just  becoming 
available  during  the  preparation  of  this  report.   Although 
no  extensive  analysis  of  the  data  has  been  done,  1975 
fatality  rates  for  the  seventeen  states  in  the  sample  are 
presented  in  Table  5  for  the  purpose  of  comparing  them  to 
the  1974  fatality  rates.   The  fatality  rate  plots  in 
Appendix  E  include  these  1975  rates.   Thirteen  of  the  sev- 
enteen states  had  a  further  decrease  in  1975  from  the  1974 
rate.   California  stayed  at  virtually  the  same  level  and 
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Table  4.   Speed  and  Enforcement  Characteristics  by  State 


State 

*%  Autos 
Over  55  mph 
Main  Rur.  Rd.- 
23   74   75 

#  Citations 
(in  thousands) 
11              74 

States  with 

No  Penalty 

Unless 

Previous 

Limit 

Exceeded 

Arizona 

87 

73 

70 

11 

9 

California 

N/A1 

65 

N/A 

500 

1059 

Colorado 

84 

36 

N/A 

81 

150 

* 

Georgia 

75 

68 

N/A 

2A 

21 

* 

Massachusetts 

N/A 

68 

N/A 

97 

110 

Michigan 

80 

60 

59 

140 

80 

* 

Minnesota 

91 

65 

63 

49 

74 

Mississippi 

78 

54 

47 

135 

187 

Missouri 

89 

60 

57 

135 

187 

* 

New  York 

N/A 

47 

N/A  ' 

182 

202 

North  Carolina 

53 

33 

N/A 

190 

210 

Ohio 

67 

43 

N/A 

258 

303 

* 

Pennsylvania 

55 

41 

52 

112 

129 

Texas 

96 

65 

66 

307 

676 

Virginia 

81 

56 

N/A 

102 

150 

Washington 

88 

53 

N/A 

78 

144 

Wyoming 

N/A 

N/A 

83 

6 

29 

* 

"N/A  indicates  not  available 
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Table  5.   1974  and  1975  Fatality  Rates  By  State 


State 

1974  act. 

1975  act. 

Difference 

Arizona 

4.77 

4.18 

-.59 

California 

3.15 

3.16 

.01 

Colorado 

3.80 

3.57 

-.23 

Georgia 

4.40 

3.53 

-.87 

Massachusetts 

3.40 

3.04 

-.36 

i 
Michigan 

3.36 

3.12 

-.24 

Minnesota 

3.47 

3.03 

-.44 

Mississippi 

4.68 

4.26 

-.42 

Missouri 

3.52 

3.50 

-.02 

New  York 

4.03 

3.82 

-.21 

i 
North  Carolina 

4.53 

4.16 

-.37 

Ohio 

3.01 

2.  82 

-.19 

Pennsylvania 

3.19 

3.27 

.08 

Texas 

3.87 

4.03 

.16 

Virginia 

3.12 

2.97 

-.15 

Washington 

3.36 

3.24 

-.12 

Wyoming 

5.65 

5.79 

.14 
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Pennsylvania,  Texas,  and  Wyoming  each  had  a  slightly  in- 
creased fatality  rate.   Two  states  with  large  decreases 
from  1974  to  1975  were  Arizona  and  Georgia.   Overall,  the 
decreases  from  1974  to  1975  seem  slightly  less  than  the 
1968  through  1973  decreases. 

Statewide  annual  injury  rates  were  considered  in  the 
same  manner  as  fatality  rates .   Table  6  provides  the  re- 
gression results  for  statewide  injuries.   Nine  of  the 
states  had  1974  injury  rates  below  the  predicted  rates 
while  eight  of  the  states  had  1974  injury  rates  above  pre- 
dicted rates.   Massachusetts  and  Ohio  have  1974  injury 
rates  which  were  well  above  their  predicted  1974  injury 
rates.   In  these  cases,  the  inclusion  of  more  municipality 
data  into  statewide  data  has  produced  large  increases  in 
the  number  of  reported  injuries.   Most  states  had  relative- 
ly small  differences  between  actual  and  predicted  injury 
rates.   Only  Arizona  and  Mississippi  had  1974  injury  rates 
significantly  below  their  predicted  rates  based  on  past 
data. 

In  summary,  the  analysis  presented  in  this  section 
once  again  indicates  1974  fatality  rates  (fatalities  per 
hundred  million  vehicle  miles  of  travel)  were  below  pre- 
dicted 1974  fatality  rates  based  on  1968  through  1973 
trends.   The  analysis  of  individual  states  did  not,  however, 
produce  any  clearcut  relationship  between  traffic  or  en- 
forcement and  compliance  characteristics  of  the  individual 
states.   Injuries  per  hundred  million  vehicle  miles  of 
travel  did  not  change  substantially  from  the  predicted 
injury  rates  when  viewing  the  whole  sample.   Once  again, 
changes  that  did  occur  do  not  seem  related  to  identifiable 
characteristics  of  the  individual  states. 


Monthly  Fatality  Rate 

This  section  describes  an  analysis  of  monthly  fatality 
data  which  were  obtained  from  14  states  (all  but  Georgia, 
Missouri,  and  New  York)  for  the  time  period  January  1970 
through  December  1974.   Monthly  fatality  data  was  taken 
from  the  state  accident  sources  listed  in  Appendix  B 
Monthly  travel  estimates  were  provided  by  the  FHWA  Office 
of  Planning.   These  travel  estimates  were  computed  utiliz- 
ing Automatic  Traffic  Recorder  information  and  appeared 
more  reliable  than  monthly  estimates  of  travel  calculated 
and  provided  by  the  individual  states.   January  1970  was 
selected  as  the  starting  point  for  this  analysis  because 
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Table  6.   Statewide  Annual  Injury  Rate  Regression  Results 


State 

1974 
Act. 

1974 
Pred. 

1974 
Diff. 

Perc. 
Diff. 

Std. 
Diff. 

1968-1973 
R2 

Arizona 

225.7 

238.8 

-13.3 

-  5.6 

-5.06 

96.4 

California 

188.9 

185.1 

3.8 

2.1 

1.29 

95.6 

Colorado 

173.2 

180.5 

-  7.3 

-  4.0 

-1.29 

92.5 

Georgia 

100.3 

117.0 

-16.7 

-14.3 

-1.80 

58.9 

Massachusetts 

272.6 

174.9 

97.7 

55.9 

1.49 

85.2 

Michigan 

253.2 

276.4 

-23.2 

-  8.4 

-1.35 

59.3 

Minnesota 

159.8 

138.7 

22.1 

15.9 

1.04 

68.9 

Mississippi 

78.4 

92.8 

-14.4 

-15.5 

-2.80 

68.5 

Missouri 

112.6 

100.0 

12.6 

12.6 

.91 

88.0 

New  York 

439.3 

465.8 

-26.5 

-  5.7 

-  .79 

66.1 

North  Carolina 

194.8 

191.0 

3.8 

2.0 

.62 

52.3 

Ohio 

232.8 

150.6 

82.9 

55.0 

5.88 

13.0 

Pennsylvania 

196.3 

202.3 

-  6.0 

-  3.0 

-  .36 

41.4 

Texas 

157.1 

163.0 

-  5.9 

-  3.6 

-1.86 

40.6 

Virginia 

143.1 

144.9 

-  1.8 

-  1.2 

-1.16 

98.8 

Washington 

255.6 

247.1 

8.5 

3.4 

.87 

3.4 

Wyoming 

155.1 

169.5 

-14.4 

-  8.5 

-1.24 

33.6 
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travel  estimates  were  not  computed  by  the  Office  of  Plan- 
ning for  times  prior  to  that  date. 

Monthly  statewide  accident  and  travel  data  were  also 
investigated  using  statistical  time  series  techniques. 
The  time  series  methods  required  about  10  years  of  data. 
These  methods  were  abandoned,  however,  because  data  was 
not  generally  available  for  a  long  enough  time  span  and 
because  monthly  accident  and  travel  data  prior  to  1968 
appeared  unreliable.   A  discussion  of  the  time  series  ap- 
proach and  some  results  for  North  Carolina,  Texas,  Washing- 
ton, and  Colorado  are  presented  in  Appendix  F.   A  more 
extensive  discussion  of  the  time  series  results  can  be 
found  in  (43) . 

The  model  postulated  for  analyzing  monthly  fatalities 
per  hundred  million  vehicle  miles  of  travel  allows  for  an 
annual  trend,  different  effects  for  each  month  of  the  year, 
and  a  uniform  change  in  fatality  rate  for  each  month  after 
November  1973.   The  mathematical  statement  of  the  model  is 


y. .  =  y  +  a.  +3-+6X..+R 


ij 


In  this  model  i  denotes  month  (i  =  1  for  January  up  to  i  = 
12  for  December)  and  j  denotes  year  (j  =  1  for  1970  up  to 
j  =  5  for  1974) .   yij  denotes  the  fatality  rate  in  the  it" 
month  of  the  j tn  year.   The  variable  Xij  is  an  intervention 
variable  which  has  the  value  0  for  all  months  prior  to 
December  1973  and  1  for  each  month  after  (and  including) 
December  1973.   e.ij  is  a  random  error  term. 

The  parameters  estimated  from  the  data  using  the  least 
square  criterion  are  y,  a±,    3j and  6.      y  is  a  constant  term, 
olj_    is  an  effect  for  the  ith  month,  3j  is  the  annual  trend 
parameter  and  6  is  the  parameter  measuring  the  change  in 
fatality  rates  after  December  1973.   December  1973  was 
chosen  as  the  intervention  month  since  the  energy  crisis 
and  voluntary  speed  reduction  seemed  to  have  an  effect  on 
all  states  by  that  time. 

The  crucial  parameter  in  the  model  is  6.   Prior  to 
December  1973  the  variable  Xij  equals  0  and  the  model  is 

y . .  =   u   +   a.    +   $ .   +   e ...  . 
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After  December  1973  X-j^  equals  1  so  the  model  is 

y. .  =  y  +  a.  +  3-  +  6  +  e. . . 

Obviously  6  is  the  change  in  fatality  rate  after  December 
1973.   Table  7  provides  estimates  of  6  and  95  percent  con- 
fidence intervals  for  6  for  each  of  the  fourteen  states 
analyzed.   A  confidence  interval  can  be  interpreted  as  a 
range  of  plausible  values  which  takes  into  account  the  variabil- 
ity of  the  data  and  the  number  of  observations  used  to 
estimate  the  model.   A  95  percent  confidence  interval  which 
is  completely  below  0  indicates  that  there  was  a  statis- 
tically significant  decrease  in  the  fatality  rate  attribut- 
able to  the  intervention  parameter. 

Eleven  of  the  states  have  a  negative  estimate  of  6 
although  Massachusetts  is  just  barely  negative.   Only 
three  states  —  Colorado ,  Washington,  and  Wyoming—had  posi- 
tive values.   A  positive  value  of  6  indicates  that  fatality 
rates  increased  above  the  level  expected  after  December 
1973.   Of  the  eleven  states  showing  a  decrease  in  fatality 
rates,  only  four  had  statistically  significant  decreases- 
California,  Michigan,  North  Carolina,  and  Texas.   Minnesota 
and  Ohio  were  almost  statistically  significant  at  the  .05 
level  since  the  upper  end  of  their  confidence  interval  is 
just  above  0.   Mississippi  had  the  biggest  drop  in  fatality 
rate,  -1.02,  attributable  to  the  intervention  variable,  but 
this  drop  was  not  statistically  significant  due  to  great 
variablility  in  the  Mississippi  monthly  fatality  rates 
prior  to  December  1973.   Arizona  also  had  a  large  drop  in 
the  fatality  rate  attributable  to  the  intervention  variable. 
Arizona's  1973  fatality  rates  were  unusually  high.   This 
variability  in  the  data  prevented  a  statistically  signifi- 
cant result. 

In  summary,  this  analysis  indicates  a  drop  in  fatality 
rates  below  the  expected  monthly  fatality  rates  after 
November  1973  for  most  of  the  states  in  the  sample.   Fur- 
thermore, the  results  of  this  section  are  reasonably  con- 
sistent with  the  results  of  the  analysis  of  annual  data, 
although  three  of  the  states  (California,  Michigan,  and 
North  Carolina)  which  achieved  statistically  significant 
decreases  in  the  monthly  analysis  did  not  achieve  signifi- 
cant decreases  in  the  annual  analysis.   In  part,  this 
discrepancy  is  the  result  of  using  1970  as  a  starting  point 
for  the  analysis  of  monthly  data  and  1968  as  a  starting 
point  for  the  analysis  of  annual  data. 
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Table  7.   Estimated  Magnitude  of  Interventions 
in  Monthly  Fatality  Rates 


Effect 

State 

(6)        £ 

;.d.  of  Effect 

95% 

C.I. 

Arizona 

-.78 

.45 

-1.67, 

.12 

California 

-.54 

.12 

-.77, 

-.31* 

Colorado 

.07 

.35 

-.62, 

.76 

Massachusetts 

-.003 

.21 

-.41, 

.42 

Michigan 

-.37 

.17 

-.71, 

-  .  03* 

Minnesota 

-.48 

.25 

-.97, 

.02 

Mississippi 

-1.02 

.55 

-2.11, 

.07 

North  Carolina 

-.74 

.24 

-1.20, 

-.27* 

Ohio 

-.29 

.15 

-.58, 

.02 

Pennsylvania 

-.10 

.16 

-.44, 

.22 

Texas 

-.71 

.19 

-1.08, 

-.33* 

Virginia 

-.28 

.21 

-.69, 

.12 

Washington 

.10 

.22 

-.33, 

.53 

Wyoming 

.69 

.68 

-.64, 

1.94 

'''Effect  is  significantly  different  from  0 
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VI.   PEDESTRIAN  FATALITIES 

In  investigating  the  effects  of  the  national  55  mph 
speed  limit,  this  study  follows  to  some  extent  other  in- 
vestigations of  specific  factors  thought  to  be  related  to 
accident  experience.   One  type  of  analysis  which  has 
proved  to  be  fruitful  in  the  past,  is  by  type  of  accident. 
Type  is  understood  to  mean  all  the  circumstances  relating 
to  the  accident,  and  is  distinguished  from  the  geographical 
breakdown  discussed  in  the  preceding  chapter.   In  the  pres- 
ent chapter,  a  special  study  of  one  type  of  accident,  that 
involving  pedestrians,  is  presented.   The  importance  of 
pedestrian  accidents  for  purposes  of  this  study  lies  in  the 
fact  that  a  speed  reduction  from  65  mph  to  55  mph  would  not 
ipso  facto  be  presumed  to  contribute  substantially  to  the 
survival  of  any  pedestrian  struck.   Pedestrian  accidents 
are  therefore,  according  to  this  presumption,  valuable  as  a 
control  on  the  effects  of  the  speed  limit.   The  value  of 
this  analysis  is  further  enhanced  by  consideration  of 
specifically  urban  pedestrian  accidents,  which  it  is  diffi- 
cult indeed  to  relate  to  the  speed  limit  imposed  during 
1974. 

Table  8  provides  the  number  of  pedestrian  fatalities 
in  the  sample  states  for  the  years  1971  through  1974.   The 
change  in  these  statistics  in  1974  is  noteworthy.   Every 
sample  state  showed  a  decrease  in  pedestrian  fatalities 
between  1973  and  1974.   For  the  entire  sample  (excluding 
Missouri  since  statewide  data  was  not  available),  pedes- 
trian fatalities  dropped  16.5  percent  from  5,291  in  1973 
to  4,419  in  1974.   This  drop  is  consistent  with  nationwide 
pedestrian  fatality  data  estimated  by  the  National  Safety 
Council  in  Accident  Facts  and  Figures .   The  National  Safety 
Council  data  yields  an  estimated  nationwide  decrease  of 
17.1  percent  from  10,500  in  1973  to  8,700  in  1974. 

Nonpedestrian  fatalities  in  the  sample  states  are 
given  in  Table  9  for  the  years  1971  through  1974.   All 
states  except  Wyoming  showed  a  decrease  in  nonpedestrian 
fatalities  from  1973  to  1974.   An  interesting  statistic, 
however,  is  that  the  total  sample  (excluding  Missouri)  had 
a  15.9  percent  decrease  from  23,980  in  1973  to  20,156  in 
1974.  This  decrease  is  approximately  the  same  as  the  de- 
crease in  pedestrian  fatalities,  a  surprising  result  since 
it  seems  that  nonpedestrian  fatalities  would  be  more  af- 
fected by  the  speed  reduction.   The  decreases  in  pedestrian 
fatalities  were  apparently  not  merely  continuations  of 
historical  trends.   Inspection  of  those  states  where  con- 
stantly decreasing  fatalities  are  in  evidence,  namely 
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Table  8.  Pedestrian  Fatalities  By  State 


State  1971     1972     1973     1974 


Arizona 

114 

163 

158 

155 

California 

790 

886 

861 

733 

Colorado 

85 

70 

91 

77 

Georgia 

243 

226 

265 

190 

Massachusetts 

244 

273 

241 

213 

Michigan 

409 

395 

364 

299 

Minnesota 

157 

132 

149 

106 

Mississippi 

129 

86 

112 

77 

Missouri* 

77 

89 

7  7 

50 

New  York 

1046 

1025 

924 

763 

North  Carolina 

337 

386 

344 

298 

Ohio 

378 

429 

384 

330 

Pennsylvania 

497 

533 

500 

444 

Texas 

495 

524 

570 

433 

Virginia 

244 

249 

197 

195 

Washington 

133 

120 

108 

94 

Wyoming 

11 

15 

23 

12 

Total 

(Excluding  Missouri) 

5292 

5512 

5291 

4419 

*State  Highway  System  Only 
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Table  9.   Nonpedestrian  Fatalities* 


State 


1971 


1972 


1973 


1974 


Arizona 

641 

648 

809 

593 

California 

3672 

4110 

4044 

3286 

Colorado 

550 

667 

583 

537 

Georgia 

1555 

1669 

1647 

1355 

Massachusettes 

664 

1382 

769 

748 

Michigan 

1743 

1863 

1849 

1576 

Minnesota 

867 

899 

875 

746 

Mississippi 

822 

836 

771 

566 

New  York 

2129 

2173 

/.158 

1865 

North  Carolina 

1509 

1597 

1548 

1287 

Ohio 

2003 

2022 

2001 

1570 

Pennsylvania 

1802 

1819 

1944 

1711 

Texas 

3099 

3164 

3122 

2613 

Virginia 

944 

1007 

1023 

855 

Washington 

743 

735 

668 

665 

Wyoming 

155 

182 

169 

183 

Total 


22,948   24,773   23,980   20,156 


,vMissouri  data  not  applicable. 
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Michigan,  New  York,  and  Washington  reveals  the 
following : 

%  Change  in  Pedestrian  Fatalities 

71-72         72-73         73-74 

Michigan  -3.4%  -7.8%  -17.9% 
New  York  -2.0%  -9.9%  -17.4% 
Washington       -9.8%        -10.0%        -13.0% 

As  can  be  seen  above,  the  73-74  change  was  an  acceleration 
of  the  already  downward  trend  observed  in  these  states. 
In  fact,  even  in  states  where  an  increasing  trend  in 
pedestrian  deaths  for  1971-73  was  found  (Texas  and  Wyoming), 
the  trend  was  reversed.   This  reversal  is  shown  in  the 
table  below. 

%  Change  in  Pedestrian  Fatalities 

71-72  72-73  73-74 

Texas  +5.9%         +8.8%        -24.0% 

Wyoming         +36.4%        +53.3%        -47.8% 

(Care  should  be  taken  when  interpreting  the  Wyoming  percen- 
tages since  they  are  based  on  such  small  numbers  of  pedes- 
trian fatalities.)   The  remaining  states  in  the  sample 
showed  no  clear  pattern  prior  to  the  sample-wide  1973-74 
drop.   A  large  number  appeared  to  have  inexplicably  high 
values  for  1972  (AZ,  CA,  MA,  MO,  NC ,  OH,  PA,  and  VA) . 

Rural/urban  splits  of  pedestrian  fatalities  for  1971 
through  1974  were  available  for  Michigan,  New  York,  North 
Carolina,  Ohio,  Virginia,  and  Washington  State.   These 
data  are  shown  in  Table  10.  Inspection  of  the  data  for 
each  state  reveals: 

1.  Michigan  -  The  urban  deaths  remained  relatively 
constant  from  1971  through  1973  (with  fluctua- 
tions of  less  than  3  percent) ;  when  a  nearly 

28  percent  drop  took  place  in  1974. 

2.  New  York  -  Both  rural  and  urban  decreases  for 
73-74  were  greater  than  decreases  in  previous 
years . 
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Table  10.  Pedestrian  Fatalities  by  Rural  or  Urban  Location 

Rural  Urban 

State        71   72   73  74  71  72   73  74 

Michigan          185   167   142  139  224  228   222  160 

New  York          322   343   315  257  724  682   609  506 

North  Carolina    254   299   253  213  83  87   91   85 

Ohio              154   158   133  132  224  271   251  198 

Virginia          132   150   117  116  92  99   80    79  ' 

Washington         64   69    56  50  69  51   52   44 
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3.  North  Carolina  -  73-74  decrease  was  approximately 
equal  to  72-73  change  for  rural  fatalities.   In 
urban  areas  a  fairly  constant  increasing  trend 
was  reversed  in  1974. 

4.  Ohio  -  The  1973-74  decrease  was  minor  in  the 
rural  areas,  but  was  large  for  the  urban  sector. 

5.  Virginia  -  1973-74  decreases  were  much  less  than 
the  72-73  decreases  in  both  the  urban  and  rural 
areas.  .The  1974  values  were  nearly  the  same  as 
those  of  1973. 

6.  Washington  -  Urban  'data  showed  a  rather  large 
decrease  for  1974  deaths  as  compared  to  the 
previous  two  years . 

Urban  pedestrian  fatalities,  totaled  for  the  six 
states  in  Table  10,  dropped  17.8  percent  from  1973  to  1974 
Rural  pedestrian  fatalities  decreased  10.7  percent  from 
1973  to  1974  in  the  six  states  combined.   Curiously,  rural 
pedestrian  fatalities  decreased  more  between  1972  and  1973 
(14.3  percent).   Since  urban  pedestrian  fatalities  were, 
in  general,  not  affected  by  the  speed  limit  change,  these 
data  seem  to  support  the  argument  that  conditions  other 
than  reduced  driving  speeds  were  influencing  the  fatality 
rate. 
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VII.   TIME  OF  ACCIDENT 

Much  speculation  has  been  offered  on  the  possibility 
of  changes  in  the  time  of  automobile  accidents.   The  most 
obvious  reasons  proposed  for  a  change  during  1974  relate 
to  the  fuel  shortage.   The  fuel  shortage  caused  service 
station  closings  on  Sunday  and  at  night  during  the  first 
part  of  1974.   The  resulting  reduced  travel  during  these 
time  periods  would  perhaps  lead  to  reduced  fatalities. 
Additionally,  the  extended  period  of  Daylight  Savings  Time 
slightly  altered  the  daylight  hours.   Another  argument  is 
that  lower  speed  may  affect  accident  experience  at  night 
more  than  day.   This  supposes  that  the  nighttime  speed/ 
accident  relationship  is  more  sensitive  to  speed  changes 
(or  at  least  different)  than  the  daytime  relationship. 

This  chapter  considers  fatal  accident  data  from  16  of 
the  sample  states.   The  data  is  analyzed  for  possible 
changes  in  the  time  of  day  of  fatal  accidents  and  for 
possible  changes  in  the  day  of  week  of  accidents.   The 
statistical  technique  used  entails  first  comparing  the  time 
distribution  of  fatal  accidents  in  1971,  1972  and  1973. 
The  test  used  for  the  equality  of  the  three  annual  distribu- 
tions is  the  standard  Chi-Square  test.   This  particular 
test  will  be  referred  to  as  Test  Tl  throughout  the  remainder 
of  this  report.   The  second  phase  of  the  analysis  involves 
testing  that  the  distributions  for  1971,  1972,  1973  and 
1974  are  the  same  under  the  assumption  that  the  distribu- 
tions for  1971,  1972  and  1973  are  the  same.   This  test  will 
be  denoted  as  T2  throughout  the  remainder  of  this  report. 
Test  T2  is  essentially  a  Chi-Square  comparison  of  the  1974 
distribution  and  the  average  of  the  1971,  1972,  and  1973 
distributions . 


Time  of  Day 

Sixteen  states  provided  information  regarding  the  time 
of  day  of  fatal  accidents.   All  states  had  categorized 
annual  fatal  accidents  into  the  24  hourly  periods  of  the 
day.   In  order  to  simplify  the  analysis,  the  24  hours  were 
grouped  into  6  time  periods--10  p.m.  to  2  a.m.,  2  a.m.  to 
6  a.m.,  6  a.m.  to  10  a.m.,  10  a.m.  to  2  p.m.,  2  p.m.  to 
6  p.m. ,  and  6  p.m.  to  10  p.m.   These  time  periods  encompass 
the  important  traffic  periods  of  the  day--e.g.,  late  night, 
morning,  and  afternoon  peak  periods. 
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Table  11  presents  the  statistical  significance  levels 
resulting  from  tests  Tl  and  T2  on  the  time  of  day  of  fatal 
accidents.   The  lower  the  value  in  Table  11,  the  more  stat- 
istically significant  the  result  is;  i.e.,  the  more  likely 
the  distributions  are  significantly  different  from  each 
other.   For  example,  a  significance  level  of  .05  means 
that  differences  as  large  as  those  observed  could  occur 
"by  chance"  5  percent  of  the  time.   A  significance  level 
of  .01  means  that  differences  as  large  as  those  observed 
could  occur  "by  chance"  only  1  percent  of  the  time.   In 
viewing  the  Tl  column  in  Table  11,  one  sees  that  only 
Virginia  and  Mississippi  had  a  significant  inequality  among 
the  1971,  1972,  and  1973  time  of  day  distributions  of  fatal 
accidents . 

T2,  the  test  of  the  1974  time  of  day  distribution 
being  equal  to  the  1971,  1972,  and  1973  distributions  while 
assuming  that  the  1971,  1972,  and  1973  distributions  are 
equal,  can  properly  be  viewed  as  a  comparison  of  the  1974 
distribution  to  the  average  distribution  arising  from  1971, 
1972,  and  1973  data.   Thus,  even  when  Tl  indicates  statis- 
tically significant  differences  (as  for  Virginia  and 
Mississippi  in  this  case),  the  test  T2  can  be  interpreted. 
This  interpretation,  however,  must  be  made  with  caution, 
particularly  when  both  T2  and  Tl  indicate  significant  dif- 
ferences.  The  1974  distribution  could  be  different  than 
the  average  of  the  1971,  1972,  and  1973  distributions,  but 
quite  similar  to  one  of  these  earlier  year's  distributions. 
This  situation  does  not  occur  in  Table  11.   Neither  Vir- 
ginia nor  Mississippi  had  statistically  significant  dif- 
ferences as  determined  by  test  T2. 

Test  T2  is  rejected  at  .05  significance  level  for 
seven  states:   Arizona,  Georgia,  Massachusetts,  Minnesota, 
New  York,  Texas,  and  Wyoming.   For  these  states,  the 
distribution  of  fatal  accidents  by  time  of  day  is  apparently 
different  in  1974  than  it  was  during  1971,  1972,  or  1973. 
In  order  to  provide  further  information  about  what  changes 
may  have  taken  place,  Table  12  is  presented.   Table  12 
presents  an  estimated  percentage  (the  average  for  1971, 
1972,  and  1973)  and  actual  percentage  of  fatal  accidents 
occurring  in  1974  during  the  six  time  periods  used  in  the 
analysis.   An  examination  of  the  table  shows  the  following: 

10  p .m. -2  a.m.   An  increase  in  the  actual  1974  per- 
cent aglTor"laccTarelvts  over  expected;  the  sole  exception 
being  Mississippi. 
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Table  11.   Fatal  Accidents  by  Time  of  Day  - 
Statistical  Significance  Levels 


State  Tl**  T2** 

Arizona  . 10  . 00* 

California  .62  .41 

Colorado  .29  .39 

Georgia  .15  .01* 

Massachusetts  .17  .00* 

Minnesota  .48  .02* 

Mississippi  .04*  .16 

Missouri  .10  .74 

New  York  .88  .02* 

North  Carolina  .21  .45 

Ohio  .56  .38 

Pennsylvania  .76  .37 

Texas  .38  .01* 

Virginia  .01*  .50 

Washington  .28  .78 

Wyoming  -51  .01* 


*Significant  at  the  .05  significance  level. 
**See  page  56  for  definition  of  Tl  and  T2. 
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2  a.m. -6  a.m.   A  decrease  in  the  actual  1974  percen- 
tage of  accidents  from  expected  but  not  such  a  strong 
tendency,  with  six  of  seventeen  states  being  exceptions. 

6  a.m. -10  a.m.   A  tendency  towards  decrease  in  actual 
1974  percentages,  with  the  exceptions  being  California, 
New  York,  Pennsylvania,  Texas,  and  Wyoming. 

10  a.m. -2  p.m.   A  strong  tendency  towards  a  decrease 
in  1974  percentages,  with  the  exceptions  being  Arizona  and 
Mississippi. 

2  p .m. -6  p .m.   A  moderate  tendency  towards  decrease 
in  percentage,  with  five  states  being  exceptions. 

6  p.m. -10  p.m.   A  tendency  towards  increase  in  1974 
percentage  with  five  states  being  exceptions. 

The  tendencies  mentioned  above  are  reinforced  if  the 
discussion  of  Table  12  is  confined  to  the  seven  states 
showing  a  significant  shift  during  1974  in  the  time  of  day 
distribution.   For  the  seven  states  and  six  time  periods, 
only  nine  of  the  possible  42  comparisons  of  predicted  to 
actual  are  against  the  trends.   In  fact,  none  of  these 
states  are  anomalous  for  the  10  p.m. -2  a.m.  period  or  the 
2  p.m. -6  p.m.  period.   Most  states  considered  had  decreases 
in  the  number  of  fatal  accidents  during  all  the  time 
periods  so  the  interpretation  of  these  results  is  that 
fatal  accidents  decreased  by  less  between  6  p.m.  and  2  a.m. 
(and  particularly  between  10  p.m.  and  2  a.m.)  than  they 
did  during  other  time  periods. 

In  order  to  compare  states  which  formerly  had  differ- 
ential day/night  speed  limits  with  those  which  did  not, 
Table  13  was  prepared.   Table  13  shows  the  percentage  of 
fatal  accidents  occurring  between  9  p.m.  and  5  a.m.  in  the 
sample  states  during  the  years  1971  through  1974.   The 
six  states  which  formerly  had  differential  day/night  speed 
limits  all  had  a  higher  percentage  of  nighttime  fatal 
accidents  in  1974  than  in  any  of  the  previous  3  years. 
This  result  is  also  the  case  in  5  of  the  11  states  without 
prior  differential  speed  limits . 

In  general,  the  tendency  evidenced  in  Table  13  is  that 
nighttime  fatal  accidents  decreased  by  less  in  number  than 
daytime  accidents  did.   The  result  for  the  six  states 
which  formerly  had  differential  day/night  speed  limits  could 
perhaps  be  explained  in  terms  of  speed  limits.   Speed 
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Table  12.   Fatal  Accidents  by  Time  of  Day  -  Predicted 
and  Actual  1974  Percentage  Distribution 


State 

10pm- 
Pred. 

•2am 
Act. 

2am- 
Pred. 

6  am 
Act. 

6  am- 
Pred. 

10am 
Act. 

Arizona 

18.7 

23.7 

13.0 

8.8 

11.8 

9.0 

California 

21.2 

22.4 

11.6 

11.2 

8.8 

8.9 

Colorado 

22.8 

24.0 

12.5 

10.2 

9.2 

8.2 

Georgia 

17.8 

21.5 

8.0 

7.3 

11.8 

10.2 

Massachusetts 

28.2 

33.2 

10.8 

14.2 

7.2 

6.8 

Minnesota 

24.3 

29.6 

8.0 

8.2 

9.2 

7.2 

Mississippi 

20.9 

19.1 

10.1 

9.5 

12.8 

9.7 

Missouri 

17.6 

18.5 

7.7 

9.2 

11.9 

11.5 

New  York 

23.0 

24.2 

13.9 

13.5 

7.0 

8.8 

North  Carolina 

20.8 

22.5 

7.9 

7.7 

10.2 

10.2 

Ohio 

20.9 

22.5 

11.6 

11.0 

9.6 

9.0 

Pennsylvania 

21.2 

23.2 

12.2 

12.0 

8.3 

8.9 

Texas 

21.2 

25.1 

10.1 

12.0 

10.0 

10.4 

Virginia 

22.2 

24.1 

8.9 

9.6 

9.8 

8.9 

Washington 

21.0 

22.6 

10.8 

11.4 

8.7 

8.5 

Wyoming 

19.8 

24.4 

13.4 

10.0 

8.8 

13.8 
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Table  12.   Fatal  Accidents  by  Time  of  Day  -  Predicted  and 
Actual  1974  Percentage  Distribution  (Continued) 


State 

10am- 
Pred. 

-2pm 
Act. 

2pm-6pm 
Pred.   Act. 

6pm- 10pm 
Pred.   Act. 

Arizona 

11.6 

12.6 

19.5 

16.3 

25.5 

29.6 

California 

12.5 

11.4 

21.6 

21.6 

24.2 

24.5 

Colorado 

12.9 

11-.  7 

20.6 

24.0 

21.8 

21.9 

Georgia 

15.2 

13.8 

24.8 

22.9 

22.4 

24.3 

Massachusetts 

12.0 

10.2 

19.7 

17.1 

22.1 

18.5 

Minnesota 

13.7 

10.9 

21.7 

20.2 

23.1 

23.9 

Mississippi 

12.0 

14.4 

21.7 

24.6 

22.6 

22.7 

Missouri 

17.3 

15.6 

24.1 

24.4 

21.3 

20.9 

New  York 

12.3 

10.5 

21.5 

19.6 

22.2 

23.4 

North  Carolina 

12.9 

11.4 

22.3 

23.5 

25.8 

24.6 

Ohio 

13.4 

12.0 

21.8 

22.2 

22.6 

23.3 

Pennsylvania 

12.4 

11.3 

22.4 

21.8 

23.3 

22.8 

Texas 

13.3 

11.4 

21.2 

19.1 

24.3 

22.0 

Virginia 

12.2 

10.4 

22.2 

21.6 

24.7 

25.4 

Washington 

13.6 

12.9 

23.0 

20.7 

22.9 

24.0 

Wyoming 

15.0 

11.9 

20.3 

10.0 

22.8 

30.0 
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Table  13.   Percentage  of  Fatal  Accidents 
Between  9  p.m.  and  5  a.m. 


1971      1972      1973      1974 


Arizona 

36.9 

34.2 

34.2 

35.1 

California 

37.2 

37.8 

36.5 

37.5 

Colorado 

36.6 

38.5 

40.4 

37.4 

Georgia 

31.0 

27.8 

29.2 

32.4 

Massachusetts" 

45.2 

42.9 

42.9 

53.0 

Minnesota" 

35.8 

35.3 

38.8 

44.3 

Mississippi 

31.7 

35.7 

33.7 

32.2 

Missouri" 

27.8 

27.7 

29.6 

30.1 

New  York 

40.4 

42.0 

40.2 

41.5 

North  Carolina 

33.9 

33.1 

32.0 

34.0 

Ohio* 

37.6 

36.1 

34.5 

38.5 

Pennsylvania 

37.2 

37.3 

38.1 

39.4 

Texas  v' 

36.4 

34.2 

35.5 

41.4 

Virginia 

35.5 

35.2 

35.5 

38.9 

Washington* 

35.3 

33.8 

36.5 

38.2 

Wyoming 

34.5 

35.8 

41.0 

41.3 

"'State  formerly  had  differential  day/night  speed  limits 
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limits  were  already  lower  at  night  in  these  states  so  the 
maximum  speed  limits  were  not  reduced  as  much  in  these 
states  as  in  others.   Additionally,  nighttime  speed  limits 
were  reduced  by  less  than  daytime  speed  limits  in  these 
states.   It  might  follow,  then,  that  nighttime  accidents 
would  be  reduced  by  less  than  daytime  fatal  accidents.   The 
data  tends  to  support  this  hypothesis. 

Thus,  an  analysis  of  differences  in  day  and  night 
accident  frequencies  tend  to  support  the  contention  the 
the  national  55  mph  speed  limit  has  been  an  effective  con- 
tribution to  the  reduction  in  accidents  during  the  period 
of  the  energy  shortage.   Like  so  many  other  analyses  which 
have  been  performed  in  the  course  of  this  research,  the 
conclusion  does  not  permit  quantitative  estimation  of  the 
importance  of  the  contribution. 

Day  of  Week 

Sixteen  states  provided  information  regarding  fatal 
accidents  categorized  by  the  day  of  week.   Tests  Tl  (the 
equality  of  the  day  of  week  distributions  for  1971,  1972, 
and  1973)  and  T2  (the  equality  of  the  1974  distribution 
with  the  1971,  1972,  and  1973  distribution,  assuming  that 
the  distributions  for  1971,  1972,  and  1973  are  the  same) 
were  done  for  each  of  these  sixteen  states  and  the  statis- 
tical significance  levels  of  the  two  tests  are  provided 
in  Table  14. 

With  regard  to  Tl ,  the  null  hypothesis  (equality  of 
distributions)  is  rejected  for  only  three  states  at  the 
.06  significance  level.   These  states  are  Minnesota,  Miss- 
issippi, and  Virginia.   Five  states  —  Colorado,  Mississippi, 
Ohio,  Pennsylvania,  and  Virginia—had  significance  levels 
as  low  as  .07  associated  with  Test  T2 .   Note  that 
Mississippi  and  Virginia  also  had  the  conditioning  hypoth- 
esis of  stable  distributions  between  1971  and  1973  rejected 

Table  15  compares  for  each  day  of  the  week  the  actual 
1974  percentage  of  fatal  accidents  to  a  predicted  percen- 
tage which  is  based  on  combined  1971  through  1973  data. 
Detailed  examination  of  Table  15  led  to  the  conclusion 
that  there  were  no  major  changes  in  the  day  of  week  dis- 
tribution of  fatal  accidents.   Early  in  1974  fatal  acci- 
dents may  have  been  reduced  more  on  weekends  due  to 
reduced  travel,  but  this  does  not  appear  to  be  the  case 
when  considering  the  entire  year. 
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Table  14.   Fatal  Accidents  by  Day  of  Week  - 
Statistical  Significance  Levels 


State  Tl**  T2** 

Arizona  .70  .34 

California  .13  .31 

Colorado  .51  .01* 

Georgia  .13  .15 

Massachusetts  .51  .83 

Minnesota  .06  .41 

Mississippi  .01*  .07 

Missouri  .29  .63 

New  York  .56  .71 

Ohio  .11  .05* 

Pennsylvania  .95  .001* 

Texas  .15  .14 

Virginia  .05*  .01* 

Washington  .84  .39 

Wyoming  .99  .-24 


*Significant  at  the  .05  level. 
**See  page  56  for  definition  of  Tl  and  T2. 
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Table  15.   Fatal  Accidents  By  Day  of  Week  -  Estimated 
and  Observed  1974  Percentages 


Sun.        Mon.        Tues.       Wed. 
State  Obs.   Est.   Obs.   Est.   Obs.   Est.   Obs.   Est 


Arizona 

17.6 

17 

.1 

10.5 

13.0 

10, 

,0 

10 

.5 

11.7 

10 

.7 

California 

12.2 

11 

,7 

10.9 

10.9 

11 

.7 

11 

.6 

11.6 

12 

.5 

Colorado 

15.8 

21 

.0 

11.9 

15.8 

13 

.6 

11 

.4 

10.0 

12 

.2 

Georgia 

14.7 

15 

,8 

11.0 

11.5 

12 

.5 

10 

.1 

9.7 

11 

.3 

Massachusetts 

17.4 

15, 

.8 

10.2 

11.5 

10 ; 

,7 

11, 

.0 

10.9 

11 

,6 

Minnesota 

17.2 

17, 

,5 

11.3 

9.4 

11, 

,3 

11 

,5 

11.5 

11, 

,5 

Mississippi 

20.5 

17 

.8 

11.0 

10.8 

10, 

,2 

9 

,9 

11.2 

10, 

,3 

Missouri 

10.3 

11 

,6 

11.3 

11.3 

11, 

.6 

11 

,5 

14.3 

12, 

,0 

New  York 

16.4 

16, 

,8 

11.3 

11.5 

11, 

,2 

10 

.2 

11.4 

10. 

,8 

North  Carolina 

15.8 

17, 

,7 

10.3 

11.2 

11, 

.7 

9 

,9 

10.5 

10, 

,1 

Ohio 

15.4 

15, 

,9 

12.8 

10.4 

12, 

,1 

12 

,1 

10.6 

11 

.1 

Pennsylvania 

14.9 

15, 

,2 

10.3 

11.8 

13, 

,5 

10 

.3 

12.9 

12, 

,5 

Texas 

16.3 

17, 

,5 

10.7 

11.2 

12, 

,1 

10 

,8 

11.5 

11 

.1 

Virginia 

12.5 

11, 

,0 

9.6 

10.4 

12. 

,6 

10. 

8 

14.2 

10 

,7 

Washington 

18.9 

17, 

,5 

10.5 

11.7 

12, 

1 

11, 

3 

10.2 

11 

.7 

Wyoming 

18.1 

18. 

0 

8.1 

11.7 

10. 

0 

9, 

,4 

13.8 

9 

.6 
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Table  15.   Fatal  Accidents  by  Day  of  Week  -  Estimated 
and  Observed  1974  Percentages  (Continued) 


State 

Thurs . 
Obs.   Est. 

Fr 
Obs. 

i. 
Est. 

Sat. 
Obs.   Est. 

Arizona 

12.0 

11.9 

15.3 

17.3 

22.8 

19.6 

California 

15.2 

16.2 

19.4 

19.6 

18.9 

17.5 

Colorado 

12.5 

11.5 

18.2 

12.1 

18.0 

15.9 

Georgia 

11.5 

11.8 

17.3 

16.3 

23.1 

23.1 

Massachusetts 

13.0 

12.6 

16.0 

16.2 

21.6 

21.5 

Minnesota 

14.5 

12.6 

14.5 

16.9 

19.6 

20.8 

Mississippi 

13.6 

10.9 

12.5 

17.1 

21.0 

23.3 

Missouri 

15.8 

17.1 

20.6 

21.8 

16.2 

14.7 

New  York 

12.3 

12.5 

17.8 

17.2 

19.5 

21.0 

North  Carolina 

12.8 

11.6 

18.3 

17.2 

20.7 

22.3 

Ohio 

13.3 

12.4 

15.4 

16.9 

20.3 

21.0 

Pennsylvania 

12.4 

12.6 

15.4 

17.0 

20.6 

20.5 

Texas 

12.6 

11.4 

16.4 

16.3 

20.3 

21.5 

Virginia 

13.5 

16.5 

21.9 

23.9 

15.6 

16.6 

Washington 

14.1 

11.4 

14.1 

15.7 

20.2 

20.7 

Wyoming 

8.8 

13.6 

21.3 

15.9 

20.0 

21.9 
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VIII.   AGE  AS  A  FACTOR 

Among  speculative  reasons  for  changes  in  the  fatality 
rate  during  and  following  the  energy  crisis  and  speed  limit 
reduction,  a  possible  shift  in  the  age  of  both  drivers 
and  passengers  using  the  highway  network  has  been  mentioned 
The  time  proven  disproportionate  share  of  accidents  at- 
tributed to  youthful  drivers  could  affect  the  national 
statistics  if  in  fact  the  decrease  in  road  use  by  this 
group  was  greater  than  for  all  users.   Considering  the  fuel 
cost  increases  and  nature  of  many  youth  oriented  trips, 
along  with  vehicular  use  control  of  many  parents,  this 
proposed  reduction  could  in  fact  be  a  reality. 

Unfortunately,  exposure  data  for  the  different  age 
groups  of  road  users  is  not  readily  available.   Accident 
involvement  by  age  group  can,  however,  be  obtained,  and 
has  been  compiled  and  is  analyzed  in  this  chapter.   Infor- 
mation concerning  the  age  of  drivers  involved  in  fatal 
accidents  was  considered  for  13  states  while  age  of 
victim  distributions  for  11  states  were  studied. 

As  was  the  case  in  the  analysis  of  the  "time  of 
accident"  distributions,  the  age  distributions  of  both 
drivers  and  victims  were  analyzed  for  possible  changes  in 
any  previously  existing  patterns  that  could  be  associated 
with  the  fuel  crisis  and  speed  limit  change.   A  similar 
Chi-Square  test  of  the  equality  of  the  age  distributions 
for  1971,  1972,  and  1973  was  conducted  (again  this  is 
referred  to  as  Tl) .   The  second  test  (T2)  was  similar  to 
that  in  the  previous  section,  utilizing  a  Chi-Square 
comparison  of  the  1971-73  average  distribution  to  the  1974 
distribution. 


Age  of  Driver 

Thirteen  states  provided  information  regarding  the  age 
of  drivers  involved  in  fatal  accidents.   Compatible  group- 
ings of  the  age  distributions  were  utilized  and  the  results 
of  tests  Tl  and  T2  on  age  of  drivers  in  fatal  accidents 
are  presented  in  Table  16.   The  lower  the  value  in  Table  16, 
the  more  statistically  significant  the  differences  in  dis- 
tributions are.   Of  the  states  tested,  nearly  half  show  no 
reason  to  reject  Tl.   Therefore,  it  can  be  said  that  the 
age  distribution  of  drivers  in  fatal  accidents  was  basically 
unchanged  during  1971  through  1973  in  Colorado,  Massachu- 
setts, Minnesota,  Mississippi,  Virginia,  and  Wyoming. 
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Table  16.   Driver's  Age  in  Fatal  Accidents 
Significance  Levels 


State  Tl*       T2 


Arizona 

.01 

.01 

California 

.05 

.01 

Colorado 

.49 

.04 

Massachusetts 

.42 

.01 

Michigan 

.01 

.01 

Minnesota 

.74 

.09 

Mississippi 

.35 

.80 

North  Carolina 

.03 

.52 

Pennsylvania 

.08 

.01 

Texas 

.07 

.01 

Virginia 

.64 

.08 

Washington 

.02 

.71 

Wyoming 

.69 

.03 

*  See  page  56  for  definition  of  Tl  and  T2 
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Pennsylvania  and  Texas  as  well  do  not  show  clear  rejection 
of  Tl,  but  their  respective  significance  levels  of  0.08 
and  0.07  are  not  nearly  as  large  as  those  of  the  afore- 
mentioned states.   The  remaining  sampled  states  (Arizona, 
California,  Michigan,  North  Carolina,  and  Washington  State) 
show  rejection  of  Tl. 

Considering  those  states  where  Tl  was  not  clearly 
rejected,  the  results  from  the  test  of  T2  show  mixed  re- 
sults.  In  Colorado,  Massachusetts,  and  Wyoming,  the  1974 
distribution  was  significantly  different  from  that  of  the 
previous  three  years.   The  differences  were  of  questionable 
significance  in  Minnesota  and  Virginia,  while  the  data 
for  Mississippi  does  not  indicate  there  was  a  significant 
alteration  in  the  pattern  for  1974. 

Although  constrained  by  the  nature  of  the  Tl  results, 
the  remaining  states  showed  rejection  of  T2  with  the  ex- 
ceptions of  North  Carolina  and  Washington  State.   These 
mixed  results  would  indicate  that  some  changes 
had  taken  place,  but  that  additional  analysis  would  be 
required  to  clearly  define  any  trends . 

Table  17  provides  some  indication  of  this  alteration 
during  the  "crisis"  year.   Inspection  of  this  table  readily 
reveals  the  fact  that  the  actual  involvement  exceeded  the 
estimated  involvement  percentage  for  both  the  0-19  and 
20-34  age  groups  in  nearly  every  tested  state.   The  other 
groups  (35-54  and  55+)  showed  decreases  from  the  estimated 
values  for  most  of  the  states  in  this  sample.* 

These  trends  are  rather  clearly  defined,  but  not  easy 
to  explain.   The  decrease  in  elderly  involvements  could  be 
a  result  of  higher  obedience  of  the  speed  limit  by  these 
drivers.   But  reduced  exposure  due  to  less  driving  (for 
which  data  is  not  available)  could  also  account  for  this 
shift  in  distribution.   Specific  conclusions  cannot  be 
formulated  on  the  basis  of  the  data  available  for  the 
statistical  analyses  within  this  study. 


:It  should  be  mentioned  that,  especially  for  those  states 
rejecting  Tl,  the  precision  of  the  estimated  values  may  be 
in  question. 
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Table  17.   Estimated  and  Actual  1974  Percentage  Distribution 
of  Fatal  Accidents  By  Age  of  Drivers 

0-19       20  -  34       35  -  54        55+ 
State  Est.   Act.    Est.   Act.    Est.   Act.     Est.   Act, 


Arizona  15.8  16.0  42.9  45.6  26.0  27.5  15.2  10.9 

California  15.6  17.8  43.4  46.6  26.5  22.4  14.6  13.2 

Colorado  13.9  17.3  44.5  47.6  25.8  20.9  15.8  14.3 

Massachusetts  18.3  22.6  45.0  46.1  23.7  19.1  13.0  12.0 

Michigan  17.5  20.6  41.7  42.5  26.0  23.0  14.9  13.9 

Minnesota  14.9  16.2  42.9  41.3  26.2  27.3  16.0  15.2 

North  Carolina  17.5  18.8  43.9  44.0  25.2  24.7  13.3  12.6 

Pennsylvania  16.9  19.8  40.9  44.1  27.3  24.5  14.9  11.6 

Texas  13.3  15.6  40.8  43.5  27.3  23.8  18.6  17.3 

Virginia  15.2  17.5  44.3  45.6  26.9  26.0  13.6  10.9 

Washington  17.3  18.1  41.2  43.7  253.3  23.0  16.4  15.0 

Wyoming  18.2  21.0  42.0  49.6  24.5  20.6  15.3  8.8 
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Age  of  Victim 

Eleven  states  provided  information  regarding  age  of 
fatal  accident  victims.  Tests  Tl  (the  equality  of  the  age 
of  victim  distributions  for  1971,  1972,  and  1973)  and  T2 
(the  equality  of  the  1974  distributions  with  the  average 
of  the  1971,  1972,  and  1973  distributions)  were  done  for 
each  of  these  eleven  states  and  the  statistical  signifi- 
cance levels  of  the  two  tests  are  provided  in  Table  18. 

It  will  be  noted  immediately  that  for  Tl ,  only  Texas 
shows  reason  to  reject  the  hypothesis,  while  for  T2  only 
Mississippi  and  Washington  show  no  reason  to  reject. 
These  two  facts  imply  that  in  at  least  eight  of  the  sample 
states,  a  substantial  change  in  age  of  victim  was  experi- 
enced in  1974  after  three  years  of  relative  stability. 
This  clearly  points  to  some  age  of  victim  differential 
concomitant  with  the  crisis  year. 

In  order  to  investigate  further  what  that  may  be, 
Tables  19  and  20  were  developed.   Table  20  is  a  refinement 
of  Table  19,  with  the  age  group  15-34  furtner  broken  down 
to  age  groups  15-24  and  25-34.   In  each  table,  parallel 
columns  give  observed  and  expected  percentages  of  fatali- 
ties by  age  for  1974  on  the  basis  of  1971-1973  projections. 
Even  a  cursory  examination  of  these  tables  reveals  the 
nature  of  the  changes  which  are  documented  by  Tl  and  T2 . 
For  the  0-14  age  group,  there  was  a  relatively  uniform 
decline  in  percentage,  with  only  California  and  Virginia 
showing  (very  slight)  increases.   For  age  group  15-34 
there  was  a  higher  than  expected  percentage  for  every 
state  except  Mississippi.   In  Table  20,  this  remarkable 
trend  is  shown  to  apply  to  both  portions  of  the  15-34  age 
group  (again,  with  Mississippi  being  the  exception) .   The 
percentage  involvement  in  the  age  group  35-54  is  somewhat 
more  mixed,  but  generally  towards  lower  involvement  than 
expected,  with  higher  values  only  for  Arizona,  Mississippi, 
Virginia,  and  Washington.   Finally,  in  the  oldest  age 
group,  55+,  every  state  shows  a  decreased  percentage  in- 
volvement with  the  exception  of  Colorado,  which  experienced 
a  4/10  of  one  percent  increase.   Altogether,  the  pattern 
(shown  highly  significant  by  Tl  and  T2)  seems  to  be  towards 
youthful  and  middle-aged  involvement,  and  away  from  involve- 
ment of  those  over  55. 

This  pattern,  although  rather  striking  and  statistic- 
ally significant,  is  not  easy  to  explain  in  terms  of  the 
crisis  variables.   As  previously  mentioned,  no  exposure 
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Table  18.   Age  of  Victims  in  Fatal  Accidents  - 
Significance  Levels 


State  Tl*  T2* 

Arizona  .79  Q3 

California  .24  .01 

Colorado  .47  Q6 

Massachusetts  .87  .01 

Michigan  .22  .01 

Minnesota  .39  Ql 

Mississippi  .20  .28 

Texas  .01  .01 

Virginia  .91  .  Q2 

Washington  .31  19 

Wyoming  .14  Q7 


See  page  56  for  definition  of  Tl  and  T2 
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Table  19.   Estimated  and  Actual  Percentage 
Distribution  of  Fatalities  by  Age 

0-14       15  -  34       35  -  54        55+ 
State  Est.'   Act.    Est.   Act.    Est.  Act.     Est.   Act, 


Arizona  10.4  9.2  46.5  51.4  21.2  22.0  21.8  17.4 

California  10.0  10.3  50.3  53.5  19.4  17.8  20.2  18.5 

Colorado  9.8  9.4  52.1  57.0  21.0  16.0  17.2  17.6 

Massachusetts  8.2  6.9  54.9  63.3  17.4  14.3  19.5  15.4 

Michigan  11.8  11.5  48.5  54.9  19.5  16.2  20.2  17.4 

Minnesota  9.6  9.4  47.4  53.9  17.2  13.7  25.7  23.0 

Mississippi  11.6  11.6  50.3  48.3  20.3  24.2  17.7  15.9 

Texas  10.5  9.6  44.7  50.0  21.8  19.9  23.1  20.6 

Virginia  9.3  9.4  49.5  53.6  20.7  21.4  20.6  15.5 

Washington  10.5  7.9  50.3  54.3  17.0  17.6  22.2  20.2 

Wyoming  7.6  6.7  55.3  65.1  20.7  14.8  16.4  13.3 
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Table  20.   Further  Breakdown  of  Estimated  and  Actual 
Percentage  Distribution  of  Fatalities  by  Age 


15 

-24 

25  - 

34 

State 

Est. 

Act. 

Est. 

Act. 

Arizona 

29.7 

34.2 

16.8 

17.2 

California 

33.4 

35.3 

16.9 

18.2 

Colorado 

33.9 

36.3 

18.2 

20.7 

Massachusetts 

39.2 

46.9 

15.7 

16.4 

Michigan 

34.1 

38.3 

14.4 

16.6 

Minnesota 

34.4 

38.8 

13.0 

15.1 

Mississippi 

32.7 

30.8 

17.6 

17.5 

Texas 

30.4 

33.3 

14.3 

16.6 

Virginia 

33.8 

37.0 

15.7 

16.6 

Washington 

35.8 

37.2 

14.5 

17.1 

Wyoming 

39.3 

45.6 

16.0 

19.5 
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data  is  available.   The  lesser  involvement  of  the  elderly 
could  possibly  be  explained  either  by  less  driving  or  by 
safer  driving.   If  the  speed  limit  is  postulated  as  the 
factor  of  importance,  then  it  would  indicate  that  older 
drivers  are  more  inclined  to  obey  the  speed  limit.   Such 
conclusions,  however,  are  derived  from  the  statistical 
considerations- -they  should  be  considered  conjectures. 
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IX.   VEHICLE  TYPE  IN  FATAL  ACCIDENTS 

This  section  presents  the  results  of  analyses  of  fatal 
accident  data  classified  by  the  type  of  vehicle  involved. 
The  13  states  which  provided  information  regarding  the  type 
of  vehicle  in  fatal  accidents  categorized  this  information 
in  a  variety  of  ways--e.g.,  passenger  car,  truck,  truck 
with  trailer,  motorcycle,  animal  drawn  vehicle,  and  so 
forth.   Due  to  the  wide  spectrum  of  classification  schemes, 
it  was  necessary  to  restrict  the  analyses  to  three  major 
categories;  passenger  cars,  all  forms  of  trucks,  and  motor- 
cycles.  Once  again  annual  data  for  the  years  1971  through 
1974  were  analyzed  using  test  Tl  (the  equality  of  the  ve- 
hicle type  distributions  in  1971,  1972,  and  1973)  and  Test 
T2  (the  equality  of  the  vehicle  type  distribution  in  1971, 
1972,  1973,  and  1974  assuming  the  equality  of  the  1971, 

1972,  and  1973  distributions).   Virtually  all  of  the  tests 
reported  in  Table  21  indicate  statistically  significant 
differences.   For  Tl,  this  indicates  a  lack  of  stability 
in  the  type  of  vehicle  distributions  among  1971,  1972,  and 

1973.  As  a  result,  the  most  that  can  initially  be  said 
about  the  results  of  T2  is  that  the  1974  distribution  is 
different  from  the  average  of  the  1971,  1972,  and  1973 
distributions . 

In  order  to  clarify  the  differences  which  might  exist 
between  1974  data  and  1971  through  1973  data,  Table  22  was 
prepared.   Table  22  presents  the  percentage  of  passenger 
cars  and  of  trucks  involved  in  fatal  accidents  in  1971 
through  1974  in  each  of  the  13  states  analyzed.   The  main 
observation  from  Table  22  is  that  the  percentage  of  trucks 
involved  in  fatal  accidents  shows  an  overall  increase  and 
the  percentage  of  cars  shows  an  overall  decrease.   In  all 
states  analyzed,  except  Michigan,  the  percentage  of  cars 
involved  in  fatal  accidents  was  lower  than  in  any  of  the 
previous  three  years.   Most  states,  however,  show  a 
steadily  decreasing  trend  in  the  percentage  of"  vehicles 
involved  which  are  cars.   The  1974  data  does  not  seem 
especially  out  of  line  with  this  previous  trend,  with  the 
exceptions  of  California,  Missouri,  and  Virginia. 

The  data  presented  in  this  section  should  be  inter- 
preted cautiously.   The  pattern  in  the  data  is  that  the 
reduction  in  the  number  of  trucks  involved  in  fatal  acci- 
dents in  1974  was  not  as  great  as  the  reduction  in  the  num- 
ber of  cars.   The  consideration  of  historical  trends  (Table 
22),  however,  indicates  the  pattern  is  not  really  too 
different  from  what  might  be  expected.   The  speed  limit  may 
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Table  21.   Type  of  Vehicle  in  Fatal  Accidents 
Statistical  Significance  Levels 


State  Tl*       T2 


Arizona 

.07 

.01 

California 

.01 

.01 

Colorado 

.02 

.01 

Michigan 

.03 

.00 

Minnesota 

.01 

.01 

Missouri 

.09 

.01 

New  York 

.02 

.01 

North  Carolina 

.01 

.02 

Pennsylvania 

.07 

.01 

Texas 

.01 

.01 

Virginia 

.08 

.01 

Washington 

.30 

.07 

Wyoming 

.30 

.01 

*  See  page  56  for  definition  of  Tl  and  T2 
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have  had  some  part  in  reducing  the  car/truck  involvement 
ratio  in  1974  as  truck  speeds  were  not  reduced  as  much  as 
auto  speeds  (see  Figures  7  and  8).   Finally,  it  should 
be  noted  that  the  changes  in  the  amount  of  travel  by  auto- 
mobiles and  trucks  was  not  considered.   If  the  truck  pro- 
portion of  total  travel  is  increasing,  then  the  results 
in  Table  22  could  be  explained  in  terms  of  increased  truck 
exposure. 
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X.   ECONOMIC  ANALYSIS 

The  relationship  between  the  United  States'  economy 
and  the  national  vehicle-mile  fatality  rate  has  been  under 
study  for  some  time.   Although  it  is  the  subject  of  frequent 
investigations  and  tentative  conclusions,  a  clear  relation 
between  the  two  variables  has  by  no  means  been  scientifically 
established.   Cursory  examination  of  the  two  time  series 
would  seem  to  indicate  that  drops  in  the  economy  are 
slightly  preceded,  accompanied,  and  slightly  followed  by 
drops  in  the  vehicle-mile  fatality  rate.   Wny  this  should 
be  the  case  is  the  subject  of  considerable  conjecture.   A 
number  of  explanations  associated  with  this  relationship 
include  the  thought  that  this  pattern  is  a  reflection  of 
the  fact  that  drops  in  total  travel  do  not  affect  fatali- 
ties linearly.   Or  perhaps  a  shift  in  economic  factors 
creates  a  change  in  the  truck  mix  of  the  vehicle  popula- 
tion which  could  alter  both  the  vehicle  miles  of  travel 
and  fatalities.   Possible  relationships  between  vacation 
travel,  with  its  higher  vehicle  occupancy  rates,  and  the 
mileage  and  death  figures  have  also  been  proposed. 

Whatever  the  cause,  if  there  is  a  relationship  between 
the  economic  and  fatality  rate  trends  it  must  be  a  primary 
one  since  the  state  of  the  economy  is  a  massive  factor  that 
would  surely  dominate  almost  any  other  variable.   Further- 
more, with  regard  to  investigating  the  55  mile  per  hour 
speed  limit,  it  seems  relevant  to  consider  the  possible 
effects  of  the  most  important  national  recession  of  the 
post-World  War  II  period,  which  began  at  almost  the  same 
time  as  the  speed  limit  change.   The  measurable  effects 
of  the  speed  limit  change  could  be  severely  compounded 
with  the  effect  of  the  economic  variables.   To  shed  some 
light  on  the  supposed  influence  of  economic  variables,  an 
attempt  was  made  to  discover  some  easily  and  consistently 
measurable  economic  variables  for  the  sample  states  included 
in  the  overall  analysis.   This  attempt  was  only  partially 
successful,  being  frustrated  by  a  number  of  statistical 
and  economical  difficulties  far  beyond  the  scope  of  the 
present  investigation. 

Constraints  on  this  research  limited  investigation 
in  this  area  to  a  superficial  search  for  obvious  relation- 
ships among  these  variables.   The  investigation  did  reveal 
a  number  of  intriguing  possibilities,  but  failed  to  dis- 
cover any  clear  relationship  which  would  permit  the  1974 
drop  in  fatality  rate  to  be  "scaled"  by  changes  in  economic 
variables . 
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Briefly,  the  investigations  which  were  conducted 
revealed  a  number  of  problems  which  put  complete  study 
beyond  the  scope  of  this  project.   One  problem  encountered 
was  the  lack  of  readily  available  measures  which  precisely 
reflect  economic  conditions.   Two  surrogate  variables 
were  proposed  to  represent  economic  conditions:   the  unem- 
ployment rate  and  the  gross  personal  income.   Although 
both  statistics  are  available  by  states,  other  problems 
inherent  to  the  data  made  their  use  difficult.   With 
respect  to  the  unemployment  rate,  the  data  evidenced 
fluctuations  which  were  difficult  to  account  for,  and  after 
some  consultations  with  economists,  it  was  learned  that 
in  many  cases  these  f lucturations  represented  adjustments 
in  the  measuring  device  rather  than  changes  in  the  economy 
This  problem  in  turn  reflects  the  difficulties  encountered 
when  attempting  to  utilize  the  entire  concept.   The  other 
measure,  gross  personal  income,  although  apparently  fairly 
reliable  statistically  from  state  to  state,  did  not  measure 
the  state  of  the  economy  as  well  as  expected.   The  tabula- 
tions of  this  statistic  revealed  an  almost  always  rising 
and  too  often,  uniform  trend.   Thus,  it  would  appear  that 
gross  personal  income  might  in  many  cases  merely  represent 
rescaled  time  and  provide  little  insight  to  the  state 
of  the  economy. 

Since  the  investigations  related  to  the  aforementioned 
economic  variables  are  peripheral  to  the  main  research,  and 
since  reliable  economic  data  by  states  appeared  to  be  dif- 
ficult to  obtain,  the  analysis  performed  was  essentially 
limited  to  a  graphical  analysis  of  two  main  types.   These 
two  categories  included  (1)  time  series  showing  the 
economic  variable  in  comparison  with  the  safety  variable, 
both  plotted  against  time,  and  (2)  correlational  diagrams 
showing  these  two  variables  plotted  against  one  another 
for  different  years.   Variations  on  the  time  series  scheme 
studied  included:   annual  fatality  rate  and  unemployment 
rate  (1965-1974) ,  the  ratio  of  state  to  national  unemploy- 
ment rates  and  the  ratio  of  state  to  national  death  rates 
(1965-1974) ,  and  the  state  personal  income  and  state 
fatality  rate  (1957-1975) .   As  previously  mentioned,  these 
statistics  were  plotted  against  time,  showing  their  trends 
in  relation  to  one  another  over  the  years. 

Included  in  the  analyses  as  correlational  diagrams 
were  death  rate  versus  unemployment  rate  (1965-1974) ,  the 
ratio  of  state  to  national  death  rate  versus  the  ratio  of 
state  to  national  unemployment  rates  (1965-1974) ,  state 
personal  income  versus  state  fatality  rate  (1957-1975) , 
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state  fatality  rate  versus  state  per  capita  personal 
income  (1955-1974) ,  state  fatality  rate  versus  state  ad- 
justed per  capita  income  (1955-1974),  and  the  ratio  of 
state  to  national  fatality  rates  versus  the  ratio  of  state 
to  national  per  capita  income  *(1955-1974)  .   Data  sources 
for  these  statistics  included:   fatality  rate  information-- 
National  Safety  Council  Accident  Facts  and  Figures;  unem- 
ployment rates—provided  by  the  U.S.  Department  of  Labor; 
personal  incomes  —  Business  Week  magazine,  and  per  capita 
income  s - -  Statistical  Abstract  of  the  United  States . 

The  inclusion  of  each  of  the  plots  for  all  17  states 
would  make  this  report  too  unwieldy.   However,  some  pat- 
terns can  be  seen  through  an  inspection  of  one  set  of  the 
plots--that  of  annual  fatality  rate  and  unemployment 
rate  (1965-1974)  against  time  for  each  state  (Appendix  G) . 

Inspection  of  these  plots  for  the  sample  states  shows 
one  thing  fairly  clearly:   that  the  situation  changes  at 
about  1969.   In  most  cases,  it  would  be  reasonable  to  say 
that  the  two  series  were  moving  in  parallel  before  1969, 
but  moved  against  one  another  after  1969,  as  the  unemploy- 
ment figure  rose  and  the  fatality  rate  declined.   This  is 
most  pronounced  in  California  but  also  quite  important  in 
Massachusetts,  Michigan,  Ohio,  Pennsylvania,  and  Washington. 
The  same  trend  is  less  pronounced,  but  still  noticeable  in 
Arizona,  Colorado,  Georgia,  Minnesota,  Missouri,  New  York, 
North  Carolina,  Texas,  and  Virginia.   Only  in  Mississippi 
and  Wyoming  does  this  tendency  not  appear,  mainly  because 
of  continuing  low  levels  in  the  unemployment  rate.   Looking 
at  the  groups  of  states  with  respect  to  their  records  in 
these  plots,  it  appears  that  (except  for  New  York)  the  more 
industrialized  and  populous  states  tend  to  have  the  most 
clearcut  discontinuity  at  1969. 

This  type  of  speculative  conclusion  is  perhaps  the 
best  that  can  be  offered,  especially  with  the  meager  evi- 
dence and  time  constraints  on  this  portion  of  the  current 
study.   There  is  no  clearcut  relationship  among  the  economic 
variables  considered  and  the  fatality  rate  which  can  be  used 
to  help  explain  the  1974  drop  in  fatality  rate.   Perhaps 
further  investigation  can  clarify  this  issue. 


82 


XI.   SUMMARY  AND  CONCLUSIONS 

The  main  method  of  analysis  in  this  report  entailed 
the  comparison  of  1974  fatality  and  injury  rates  to  pre- 
dicted 1974  rates  based  on  the  trends  present  in  1968 
through  1973  data.   This  type  of  analysis  was  done  for 
several  nationwide  highway  systems  and  for  a  sample  of  17 
states.   The  analysis  of  different  highway  systems  was 
done  in  order  to  compare  accident  data  on  roads  where  the 
speed  limit  was  previously  over  55  mph  (e.g.,  most  of  Rural 
Interstate)  to  accident  data  on  roads  where  the  speed  limit 
was  not  previously  over  55  mph  (e.g.,  most  local  roads  and 
streets) .   Statewide  data  was  analyzed  in  order  to  identify 
characteristics  of  individual  states  which  had  large  de- 
creases in  accident  rates.   Some  of  the  main  results  of 
this  analysis  were: 


National  Fatality  Rates:   The  1974  nationwide  fatality  rate 
was  3.57  fatalities  per  hundred  million  vehicle  miles  of 
travel  which  was  9 .  47o  below  the  1974  predicted  rate  (based 
on  1968  through  1973  data)  of  3.94.   The  nationwide  rural 
fatality  rate  was  12.3%  below  the  predicted  rural  fatality 
rate  in  1974  while  the  nationwide  urban  fatality  rate  was 
57o  below  the  predicted  urban  fatality  rate  in  1974.   The 
amount  of  difference  between  actual  and  predicted  1974 
fatality  rates  on  the  highway  systems  considered  was  a 
function  of  the  amount  of  highway  with  speed  limits  pre- 
viously over  55  mph  on  those  highway  systems.   For  example, 
the  Rural  Interstate  System  had  a  1974  fatality  rate  which 
was  30.2%  below  the  predicted  fatality  rate  while  Urban 
Local  streets  had  a  1974  fatality  rate  which  was  7.6%  above 
the  predicted  rate  based  on  past  trends. 


National  Injury  Rates:   The  1974  nationwide  injury  rate  of 
205.7  injuries  per  hundred  million  vehicle  miles  was  2.1% 
above  the  predicted  rate  of  201.6.   This  difference  was  not 
statistically  significant.   The  nationwide  rural  injury 
rate  was  2.8%  below  the  predicted  rural  injury  rate  in  1974 
while  the  urban  injury  rate  was  5%  above  the  predicted 
injury  rate.   None  of  these  differences  were  statistically 
significant . 

As  was  the  case  with  fatality  rates,  the  amount  of 
difference  between  actual  and  predicted  injury  rates  was  a 
function  of  the  amount  of  highway  in  the  highway  system 
with  speed  limits  previously  over  55  mph.   In  the  case  of 
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injury  rates,  however,  the  only  highway  systems  with  1974 
injury  rates  significantly  below  predicted  injury  rates 
were  Rural  Interstate,  Urban  Interstate  and  Rural  Federal 
Aid  Primary. 


Statewide  Fatality  Rates:   The  analysis  of  statewide  data 
yielded  results  which  were  consistent  with  nationwide  data. 
For  many  of  the  17  states  considered  the  1974  fatality  rate 
was  approximately  10  percent  below  the  predicted  fatality 
rate  while  for  most  states  there  was  relatively  little  dif- 
ference between  predicted  and  actual  injury  rates.   The 
analysis  of  individual  states  produced  no  discernible 
relationship  between  the  amount  of  difference  in  actual  and 
predicted  rates  and  the  individual  demographic,  traffic, 
and  speed  limit  enforcement  characteristics  of  the  individ- 
ual states.   This  result  should  not,  of  course,  be  taken 
to  indicate  a  lack  of  relationship  between  enforcement 
(or  any  other  variable)  and  accident  rates.   It  means  only 
that  the  data  gathered  in  the  course  of  this  research  did 
not,  according  to  the  types  of  analysis  used,  reveal  such 
a  relationship. 

These  results  are  evidence  in  favor  of  the  safety 
benefits  of  the  55  mph  speed  limit.   Basically,  fatality 
rates  decreased  the  most  on  highways  where  speed  limits 
changed  the  most.   Although  1974  injury  rates  were  not 
generally  below  expected  injury  rates  based  on  past  trends, 
a  large  decrease  did  take  place  on  the  Interstate  system. 
The  Interstate  system  was  the  most  affected  highway  system 
in  terms  of  changes  to  speed  limits. 

Other  items  analyzed  in  this  report  included  pedes- 
trian fatalities,  time  of  day  of  fatal  accidents,  day  of 
week  of  fatal  accidents,  age  of  driver  in  fatal  accidents, 
type  of  vehicle  in  fatal  accidents,  and  the  relationship 
between  economic  indicators  to  traffic  safety.  The  main 
results  of  these  analyses  were: 


Pedestrian  Fatalities:   Pedestrian  fatalities  decreased  17 
percent  between  1973  and  1974  in  the  seventeen  state  sample 
considered.   This  decrease  was  slightly  more  than  the  16 
percent  decrease  in  nonpedestrian  fatalities  in  these 
states,   Six  states  provided  data  on  pedestrian  fatalities 
in  rural  and  urban  locations.   In  these  six  states,  urban 
pedestrian  fatalities  decreased  18  percent  between  1973 
and  1974  while  rural  pedestrian  fatalities  decreased  10 
percent . 
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Time  of  Day:   Fatal  accidents  decreased  in  number  during 
all  times  of  the  day  in  1974,  but  they  generally  decreased 
more  during  daylight  hours  than  at  nighttime  in  the  sample 
states.   This  was  the  case  in  all  six  sample  states  which 
formerly  had  day/night  differential  speed  limits. 

Day  of  Week:   There  was  no  significant  change  in  the  day  of 
the  week  distribution  of  fatal  accident  in  1974  as  compared 
to  the  day  of  week  of  fatal  accidents  in  1971,  1972,  and 
1973. 


Age  of  Involved  Driver:   Generally,  all  age  groups  had  a 
decrease  in  1974  in  the  number  of  drivers  involved  in  fatal 
accidents.   The  decrease  was  greater,  however,  among  drivers 
over  34  years  of  age  than  among  drivers  less  than  34  years 
old.   The  reasons  for  this  result  are  not  clear.   This 
shift  may  reflect  better  compliance  with  the  speed  limit 
among  older  drivers  or  may  be  the  result  of  reduced  travel 
by  older  drivers  (for  which  no  data  was  available) . 

Age  of  Victim:   There  was  a  definite  change  in  the  age 
distribution  of  the  victims  of  fatal  accidents  in  1974. 
The  change  in  age  of  victim  is  the  same  as  the  change  ob- 
served in  the  age  of  involved  drivers.   This  is  not  sur- 
prising since  many  of  the  drivers  in  fatal  accidents  are 
also  fatalities  in  the  accident.   The  basic  tendency  is 
towards  a  greater  proportion  of  fatalities  under  35  years 
old. 


Type  of  Vehicle:   Fatal  accidents  involved  a  greater  pro- 
portion of  trucks  in  1974  than  in  previous  years.   This 
result,  however,  seems  to  be  a  continuation  of  a  trend 
during  the  past  few  years.   With  regard  to  the  speed  limit, 
passenger  car  speeds  were  more  affected  by  the  reduced 
limit  than  trucks  so  a  larger  reduction  in  fatal  accidents 
involving  passenger  cars  might  be  expected.   It  may  also 
be  the  case  that  truck  travel  comprised  a  greater  pro- 
portion of  the  travel  done  in  1974. 

Relationship  of  National  Economy  to  Traffic  Safety:   A 
brief  analysis  of  unemployment  rates,  aggregate  personal 
income,  and  per  capita  income  revealed  no  obvious  relation- 
ships with  highway  fatality  rates.   Much  more  extensive 
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analysis  is  required  to  clarify  any  possible  relationships 
between  the  state  of  the  economy  and  traffic  safety. 

The  reasons  for  some  of  the  changes  just  noted  are  not 
at  all  obvious.   For  example,  the  large  decrease  in  urban 
pedestrian  fatalities  is  puzzling.   Certainly  urban  pedes- 
trian fatalities  are  unaffected  by  the  speed  limit.   Urban 
travel  did  decrease  in  1974  but  only  slightly.   1975  data 
was  just  becoming  available  at  the  time  of  this  report 
was  being  prepared.   It  will  be  interesting  to  see  if  the 
1974  characteristics  in  pedestrian  fatalities,  time  of 
fatal  accident,  age  of  involved  driver,  and  type  of  vehicle 
are  the  characteristics  of  the  1975  data  as  well. 


General  Conclusions 

Based  on  the  information  gathered  in  the  course  of 
this  research,  and  on  its  analysis  by  the  statistical 
methods  described,  the  following  general  conclusions  are 
offered  regarding  the  relationship  between  traffic  safety 
during  1974  in  comparison  with  1968-1973  on  one  hand  and 
the  oil  shortage  factors,  especially  the  national  55  mph 
speed  limit,  on  the  other: 

i)   The  1974  record  taken  as  a  whole  indicates  a 
substantial  change  from  the  projected  trend. 

ii)   A  proportion  of  this  change  is  definitely 
caused  by  the  national  speed  limit  and 
decreasing  traveling  speeds. 

iii)  It  is  not  possible  to  attach  exact  numerical 
proportions  to  the  various  causes  of  the  re- 
duction in  fatalities. 

iv)  No  data  now  exists  which  would  permit  these 
proportions  to  be  estimated  reliably  and  we 
see  no  way  in  which  such  data  could  be  produced. 
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CHRONOLOGY  OF  THE  55  MPH  SPEED  LIMIT* 


May  1973 


May  3,  1973 


May  16,  1973 


May  24,  1973 


June  4,  1973 


June  5,  1973 


June  19,  1973 


Gas  stations  begin  to  have  difficulty  ob- 
taining sufficient  fuel  supplies,  and  they 
begin  to  raise  their  prices  and  shorten 
their  hours  of  operation.   Oil  companies 
start  talking  about  the  importance  of 
energy  conservation  and  suggest  steps  in- 
cluding driving  more  slowly. 

A  major  oil  company  begins  a  series  of  pub- 
lic advertisements  urging  motorists  to  save 
fuel  by  driving  more  slowly  using  slogan, 
"50  is  thrifty." 

Department  of  Transportation  studies  legal 
problems  of  changing  speed  limits  in 
States.   Conclusion:   Federal  action  would 
be  needed  to  avoid  delay. 

Secretary  of  Transportation,  Claude 
Brinegar,  sends  telegrams  to  all  State 
governors  urging  them  to  take  whatever 
action  they  can  to  reduce  highway  accidents 
and  save  gasoline  through  reduced  driving 
speeds . 

Senate  adopts  resolution  requesting  States 
to  lower  speed  limits  on  all  federal-aid 
highways  by  10  mph  or  to  55  mph  (whichever 
is  greater)  to  conserve  energy. 

Senate  passes  S.  1570,  Emergency  Petroleum 
Allocation  Act  of  1973,  containing  "Sense 
of  the  Congress"  that  Federal,  State,  and 
Local  Governments  establish  lower  speed 
limits . 

DOT  spokesman,  I.  P.  Halpern,  comments  on 
"Sense  of  Congress"  provision  of  bill 
passed  by  the  Senate,  calling  for  lowering 
of  speed  limits.   Halpern  says  additional 
study  is  needed  before  decision  can  be  made 


'^Information  summarized  from  the  following:   Voorhees  (3), 
Braddock,  Dunn,  and  McDonald  (4),  Cerrelli  (5),  and 
Keller  (6). 
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June  29,  1973   -  President's  Address  on  Energy  -  President 

requests  States'  Governors  to  work  with 
State  legislatures  to  reduce  highway  speed 
limits  consistent  with  safety  and 
efficiency. 

Summer  1973    -  Studies  in  the  spring  and  summer  of  1973 

reveal  that  average  speeds  on  main  rural 
roads  had  not  changed  significantly  since 
the  same  1972  periods. 

August  6,  1973  -  FHWA  Chief  Administration  sends  letters  to 

States'  Governors  pledging  support  of  FHWA 
,  to  achieve  President's  goals  of  lower  speed 
limits . 

October  1973   -  Transportation  Systems  Center  of  DOT  com- 
pletes report  on  possible  implementation 
of  50  mile  per  hour  speed  limit.   As  much 
as  2.9  percent  of  gasoline  demand  could  be 
saved. 

Oct.  29,  1973   -  Organization  of  the  Arab  Petroleum  Export- 
ing Countries  (OAPEC)  imposes  an  embargo 
on  all  petroleum  exports  to  the  U.  S.  and 
most  of  Western  Europe. 

Early  Nov.  1973-  Retail  supplies  of  fuel  in  some  parts  of 

the  country  are  pinched  to  the  extent  that 
stations  are" running  out,  operating  on  pro- 
tracted schedules,  and  being  deluged  by 
long  queues  of  waiting  customers. 

Nov.  7,  1973   -  President's  Address:   President  delivers 

nationwide  address  asking  for  voluntary 
measures  to  conserve  energy.   Additionally, 
calls  on  Governors  to  set  maximum  speed 
limits  of  50  mph  on  all  highways. 

Nov.  7,  1973   -  FHWA  internal  study  completed—Nationwide 

50  mph  speed  limit  is  discouraged.   Also, 
the  dual-tier  system  is  considered  unde- 
sirable for  safety  reasons. 

Nov.  7  through   Seventeen  states  respond  to  President's 
Nov.  26,  1973   -  request  by  lowering  speed  limits  to  some 

extent.   Twelve  more  states  have  taken 
some  action  toward  reducing  speed  limits. 
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Nov.  8,  1973   -  H.R.  11372  is  introduced  in  the  House  of 

Representatives  as  a  bill  to  conserve 
energy  on  the  National  System  of  Inter- 
state and  Defense  Highways.   Congressional 
leaders  had  decided  to  have  a  separate 
bill  because  only  Public  Works  had  juris- 
diction over  highway  bills. 

Nov.  10,  1973   -  White  House  Energy  Office  proposes  50  mph 

speed  limit  for  automobiles  and  55  mph 
speed  limit  for  trucks  and  buses. 

Nov.  14,  1973   -  Maryland  becomes  first  State  to  lower  speed 

limits  (to  50  mph)  in  response  to  Presi- 
dential request. 

Nov.  19,  1973   -  House  Subcommittee  on  Energy,  Public  Works 

Committee  asks  for  reports  from  DOT  and 
0MB. 

Nov.  25,  1973   -  President's  Address  -  requests  specific 

legislation  to  make  50  mph  limit  for  cars; 
55  mph  limit  for  trucks  and  buses.   Also 
announces  15  percent  cut  in  supply  of  gaso- 
line in  favor  or  more  heating  oil 
production. 

Nov.  27,  1973   -  House  Public  Works  Committee  holds  hearings 

on  H.R.  11372.   Hearings  held  before  Sub- 
committee on  Energy.   DOT  testifies  in 
favor  of  speed  limit  bill,  with  emphasis 
on  full  authority,  dual- tier  limit,  and 
enforcement  provision. 

Nov.  29,  1973   -  H.R.  11371  reported  to  the  full  House. 

Dual-tier  limit  removed  from  bill.   House 
approves  H.R.  11372  setting  uniform  na- 
tionwide 55  mph  speed  limit  for  all 
vehicles.   Fourteen  States  have  reduced 
speed  limits;  19  others  in  process  of 
reducing  speed  limits. 

Dec.  3,  1973   -  H.R.  11372  passes  in  the  House., 

Dec.  11,  1973   -  Senate  Public  Works  Committee  holds  hear- 
ings on  H.R,  11372  as  part  of  Emergency 
Highway  Energy  Conservation  Act. 
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Dec.  13,  1973 

Dec.  14,  1973 

Dec.  20,  1973 

Dec.  21,  1973 

Jan.  2,  1974 


Jan.  6,  1974 

Jan.  31,  1974 
March  1,  1974 
March  4,  1974 


H.R.  11372  is  reported  to  the  Senate. 

H.R.  11372  passes  Senate  with  Amendments. 

Senate  approves  55  mph  speed  limit 
legislation. 

H.R.  11372  passes  Senate  and  House  as 
House  concurs  and  Senate  agrees  to  House 
amendments . 

Emergency  Highway  Energy  Conservation  Act 
signed  into  law  (effective  in  60  days) 
requiring  States  to  reduce  speed  limits  to 
55  mph  on  all  highways  for  all  types  of 
motor  vehicles. 

Includes  a  provision  to  fund  and  implement 
Demonstration  Projects  which  encourages 
the  use  of  carpools  in  urban  areas. 

Permanent  daylight  savings  time  placed  into 
effect  by  Congress  as  an  energy  conserva- 
tion measure. 

Truckers' strike  (through  about  February  8, 
1974). 

Gasoline  supplies  nationwide  during  January 
and  February  reduced  up  to  15  percent. 

All  States  have  complied  with  the  Federal 
Act,  requiring  the  55  mph  speed  limits  in 
States. 


April  29,  1974  -  OAPEC  Oil  Embargo  lifted 
May  14,  1974 


May  30,  1974 

July  29,  1974 
July  30,  1974 


-  Senate  rejects  proposal  giving  States  op- 
tion to  increase  speed  limits  to  60  mph. 

-  Legislation  introduced  in  Senate  (S  9262) 
extending  indefinitely  55  mph  speed  limit 
(otherwise  expiring  June  30,  1975). 

-  DOT  endorses  extending  55  mph  speed  limit. 

-  Senate  Public  Works  Committee  approves 
permanent  55  mph  speed  limit. 
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Aug.  2,  1974   -  Federal  Energy  Administration  (FEA)  en- 
dorses permanent  55  mph  speed  limit. 

Aug.  30,  1974   -  Senate  approves  S.  3934  making  55  mph 

speed  limit  permanent. 

Jan.  4,  1975   -  The  President  signs  the  Federal-Aid  High- 
way Amendments,  extending  the  55-mph 
speed  limit  indefinitely. 

Sept.  9,  1975   -  Federal  regulations  are  adopted  which  set 

forth  the  process  which  states  must  use 
for  annual  certification  that  the  55-mph 
limit  is  being  enforced.   Approval  of 
Federal-aid  highway  projects  can  be  with- 
held in  states  failing  to  certify  enforce- 
ment of  the  55-mph  limit. 
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ACCIDENT  DATA  SOURCES 


Arizona—Arizona  Traffic  Accident  Summary  produced  annual- 
ly by  the  Arizona  Department  of  Transportation,  Office 
of  Highway  Safety. 

California- -Annual  Report  of  Fatal  &  Injury  Motor  Vehicle 
Traffic  Accidents  produced  by  the  Business  and  Trans- 
portation Agency,  Department  of  the  California  Highway 
Patrol. 

Colorado- -Standard  Summary  of  Motor  Vehicle  Traffic 

Accidents  prepared  monthly  by  the  State  of  Colorado 
Department  of  Revenue,  Motor  Vehicle  Division,  Acci- 
dent Analysis  Section. 

Georgia—Accident  statistics  summaries  provided  by  the 

Georgia  Department  of  Transportation,  Office  of  Traf- 
fic Engineering. 

Massachusetts— Motor  Vehicle  Traffic  Accident  Experience, 
tabulations  selected  from  the  statistical  analysis 
produced  annually  by  the  Commonwealth  of  Massachusetts' 
Registry  of  Motor  Vehicles. 

Michigan- -Michigan  Traffic  Accident  Facts  prepared  annually 
by  the  Department  of  State  Police. 

Minnesota- -Facts  on  Motor  Vehicle  Crashes  in  Minnesota  pre- 
pared annually  by  the  Minnesota  Department  of  Public 
Safety,  Traffic  Safety  Section. 

Mississippi-- Summary  of  All  Reported  Motor  Vehicle  Traffic 
Accidents  and  Activities  of  All  Field  Personnel  and 
Driver  Services  Division  in  the  State  of  Mississippi 
prepared  annually  by  the  Mississippi  Highway  Safety 
Patrol,  Driver  Services  Statistical  Bureau. 

Missouri—Missouri  State  Highway  System  Accident  Statistics 
prepared  annually  by  tne  State  Highway  Department  of 
Missouri,  Division  of  Maintenance  and  Traffic. 

North  Carolina— North  Carolina  Traffic  Accident  Facts  pre- 
pared annually  by  the  North  Carolina  Department  of 
Transportation,  Division  of  Motor  Vehicles,  Traffic 
Data  Branch,  Traffic  Records  Section. 
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Ohio- -Accident  statistics  summaries  provided  by  the  State 
of  Ohio  Department  of  Highway  Safety,  Statistical 
Division. 

Pennsylvania  —  Statistical  Summary  of  Traffic  Accidents  pre- 
pared annually  by  the  Commonwealth  of  Pennsylvania , 
Department  of  Transportation,  Bureau  of  Accident 
Analysis . 

Texas—Motor  Vehicle  Traffic  Accidents  prepared  monthly  by 
the  Texas  Department  of  Public  Safety . 

Virginia—Virginia  Traffic  Crash  Facts  prepared  annually  by 
the  Department  of  State  Police. 

Washington- -Summary,  Motor  Vehicle  Traffic  Accidents  pre- 
pared annually  by  the  Washington  State  Patrol,  Accident 
Records  Section. 

Wyoming- -Wyoming  Traffic  Accident  Facts  prepared  annually 
by  the  Wyoming  Highway  Department,  Highway  Safety 
Branch. 
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GLOSSARY 


Terms  used  in  describing  highway  types  and  casualties 
are  defined  as  follows : 

An  injury  is  any  bodily  harm  received  by  any  person  in 
a  motor  vehicle  traffic  accident. 

A  fatal  injury  is  any  injury  that  results  in  death 
within  one  year  of  the  accident. 

A  nonfatal  injury  is  any  injury  other  than  a  fatal 
injury. 

A  fatality  is  the  death  of  any  person  who  suffers  a 
fatal  injury. 

A  fatal  accident  is  a  motor  vehicle  traffic  accident 
that  results  in  one  or  more  fatalities. 

A  nonfatal  injury  accident  is  a  motor  vehicle  traffic 
accident  that  results  in  one  or  more  injuries,  but  no  fatal 
injuries . 

A  nonfatally  injured  person  is  one  who  suffers  a  non- 
fatal injury  in  either  a  fatal  accident  or  a  nonfatal  injury 
accident . 

Vehicle-miles  are  the  miles  of  travel  by  all  types  of 
motor  vehicles,  as  determined  by  the  State  highway  depart- 
ments on  the  basis  of  actual  traffic  counts  and  established 
estimating  procedures. 

The  fatal  accident  rate,  injury  accident  rate,  fatality 
rate  and  injury  rate  are,  respectively,  the  number  of  fatal 
accidents ,  injury  accidents,  fatalities,  and  nonfatally 
injured  persons  per  100  million  vehicle-miles. 

An  urban  highway  is  any  road  or  street  within  the 
boundaries  of  an  urban  area.   An  urban  area  is  an  areas  in- 
cluding and  adjacent  to  a  municipality  or  other  urban  place 
with  5,000  or  more  population.   The  boundaries  of  urban 
areas  are  fixed  by  the  State  highway  departments,  subject 
to  the  approval  of  the  Federal  Highway  Administration,  for 
purposes  of  the  Federal-aid  highway  program. 

A  rural  highway  is  any  road  or  street  which  is  not  an 
urban  highway . 

102 


The  characteristics  of  the  several  Federal-aid  highway 
systems  referred  to  in  this  report  may  be  briefly  described 
as  follows : 

The  Federal-aid  Primary,  Secondary  and  Urban 
highway  are  those  for  which  Federal-aid  high- 
way matching  funds  may  be  spent  by  the  States. 
The  Primary  system  is  essentially  a  system  of 
connected  main  highways  which  provide  inter- 
city and  interstate  service.   The  Secondary 
system  consists  principally  of  roads  and 
streets  providing  local  service.   The  Urban 
system,  established  by  the  Federal-Aid  High- 
way Act  of  1970,  serves  major  traffic  demands 
not  served  by  other  Federal-aid  systems  within 
urban  areas. 

The  Interstate  System--a  part  of  the  Federal- 
aid  Primary  highway  system--is  a  system  of 
freeways  (i.e.,  expressways  with  fully 
controlled  access)  connected  and  serving 
the  principal  cities  of  the  United  States. 
That  part  of  the  Interstate  System  which  has 
been  completed  to  Interstate  design  standards 
is  identified  in  this  publication  as  "Inter- 
state System  (Final),"  while  "Traveled  Way- 
Interstate  System"  includes  both  unfinished 
segments  of  Interstate  highways  and  non- 
Interstate  routes  serving  Interstate  traffic 
until  Interstate  routes  are  open  for  use. 

These  terms  and  definitions  taken  from  Fatal  and  Inj ury 
Rates  on  Federal-Aid  and  Other  Highway  Systems  published 
annually  by  the  Federal  Highway  Administration,  Office  of 
Traffic  Operations  are  consistent  with  the  definitions 
used  by  most  states. 
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APPENDIX  D 
SUMMARY  OF  ANNUAL  STATEWIDE  DATA 
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Table  23.   Arizona  Annual  Summary 


Year 

Travel  U 

Fatal. 

Injuries 

Fat.I/ 
Rate 

Inj  .1/ 
Rate 

1968 

100.42 

695 

28080 

6.92 

279.63 

1969 

115.05 

750 

30749 

6.52 

267.27 

1970 

121.24 

762 

32230 

6.29 

265.84 

1971 

132.35 

755 

34174 

5.70 

258.21 

1972 

147.81 

811 

37541 

5.49 

253.98 

1973 

162.19 

967 

39545 

5.96 

243.82 

1974 

156.86 

748 

35380 

4.77 

225.55 

1975 

159.83 

668 

4.18 

Table  24.   California  Annual  Summary 


Fat. 

Inj. 

Year 

Travel 

Fatal. 

Injuries 

Rate 

Rate 

1968 

1060.70 

4853 

239944 

4.58 

226.21 

1969 

1117.44 

5080 

245706 

4.55 

219.88 

1970 

1169.92 

4901 

241589 

4.19 

206.50 

1971 

1180.23 

4462 

240423 

3.78 

203.71 

1972 

1264.88 

4996 

252429 

3.95 

199.57 

1973 

1298.49 

4905 

250396 

3.78 

192.84 

1974 

1276.00 

4019 

231253 

3.15 

181.23 

1975 

1236.00 

4189 

3.16 

1/   Travel  is  expressed  in  100,000,000  vehicle  miles  and 
fatality  and  injury  rates  are  per  100  million  vehicle 
miles.   This  applies  to  Tables  23-39. 
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Table  25.   Colorado  Annual  Summary 


Fat. 

Inj. 

Year 

Travel 

Fatal. 

Injuries 

Rate 

Rate 

1968 

110.44 

670 

26680 

6.07 

241.58 

1969 

124.92 

659 

27814 

5.28 

222.65 

1970 

131.98 

688 

28690 

5.21 

217.38 

1971 

142.63 

635 

29475 

4.45 

206.65 

1972 

158.86 

737 

32958 

4.64 

207.47 

1973 

162.10 

674 

30211 

4.16 

186.37 

1974 

161.56 

614 

27967 

3.80 

173.11 

1975 

165.38 

591 

3.57 

Table  26.   Georgia  Annual  Summary 


Fat. 

Inj. 

Year 

Travel 

Fatal. 

Injuries 

Rate 

Rate 

1968 

260.51 

1790 

21933 

6.87 

84.19 

1969 

283.10 

1806 

23949 

6.38 

84.60 

1970 

295.30 

1802 

28489 

6.10 

96.47 

1971 

316.56 

1798 

37060 

5.68 

117.07 

1972 

338.68 

1895 

33946 

5.60 

100.23 

1973 

360.90 

1912 

38929  ■ 

5.30 

107.87 

1974 

350.82 

1545 

35184 

4.40 

100.29 

1975 

392.72 

1387 

3.53 
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Table   27. 

Massachusetts  Annual 

Summary 

Fat. 

Inj. 

Year 

Travel 

Fatal. 

Injuries 

Rate 

Rate 

1968 

232.23 

897 

140000 

3.86 

602.85 

1969 

253.78 

898 

136538 

3.54 

538.02 

1970 

260.72 

904 

151094 

3.47 

579.53 

1971 

280.30 

908 

96645 

3.24 

344.79 

1972 

294.42 

991 

83307 

3.37 

282.95 

1973 

292.91 

1010 

81244 

3.45 

277.37 

1974 

282.37 

961 

76973 

3.40 

272.60 

1975 

290.85 

883 

3.04 

Table   28. 

Michigan 

Annua 1 

Summary 
Fat. 

Inj. 

Year 

Travel 

Fatal. 

Injuries 

Rate 

Rate 

1968 

480.47 

2392 

160413 

4.98 

333.87 

1969 

509.05 

2487 

175400 

4.89 

344.56 

1970 

531.48 

2177 

161719 

4.10 

304.28 

1971 

555.57 

2152 

157664 

3.87 

283.79 

1972 

578.17 

2258 

178929 

3.91 

309.47 

1973 

584.78 

2213 

169485 

3.78 

289.83 

1974 

557.49 

1875 

141132 

3.36 

253.16 

1975 

581.73 

1813 

3.12 
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Table  29.   Minnesota  Annual  Summary 


Fat. 

Inj. 

Year 

Travel 

Fatal. 

Injuries 

Rate 

Rate 

1968 

198.99 

1056 

.46573 

5.31 

234.05 

1969 

207.93 

988 

49362 

4.75 

237.40 

1970 

223.80 

987 

38538 

4.41 

172.20 

1971 

234.04 

1024 

39242 

4.38 

167.67 

1972 

248.78 

1031 

42009 

4.14 

168.86 

1973 

251.60 

1024 

42772 

4.07 

170.00 

1974 

245.88 

852 

39537 

3.47 

160.80 

1975 

256.24 

777 

3.03 

Table   30. 

Mississ 

ippi  Annual 

Summary 
Fat. 

Inj. 

Year 

Travel 

Fatal. 

Injuries 

Rate 

Rate 

1968 

105.98 

785 

11622 

7.41 

109.66 

1969 

111.85 

846 

13328 

7.56 

119.16 

1970 

116.27 

898 

12065 

7.72 

103.77 

1971 

122.55 

951 

12786 

7.76 

104.33 

1972 

130.94 

922 

13148 

7.04 

100.41 

1973 

137.12 

883 

13086 

6.44 

95.43 

1974 

137.34 

643 

10758 

4.68 

78.33 

1975 

143.58 

612 

4.26 
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Table   31. 

Missouri 

Annual 

Summary 
Fat. 

Inj. 

Year 

Travel 

Fatal. 

Injurle 

s             Rate 

Rate 

1968 

247.91 

1488 

50887 

6.00 

205.26 

1969 

254.60 

1522 

45102 

5.98 

177.15 

1970 

257.85 

1466 

49662 

5.69 

192.60 

1971 

270.77 

1415 

43379 

5.23 

160.21 

1972 

292.48 

1474 

36350 

5.04 

124.28 

1973 

307.48 

1451 

36213 

4.72 

117.77 

1974 

297.10 

1046 

33463 

3.52 

112.63 

1975 

306.75 

1073 

3.50 

Table   32. 

New  York 

Annual 

Summary 

Fat. 

Inj. 

Year 

i    .ivel 

Fatal. 

Injuries 

Rate 

Rate 

1968 

<23.26 

3041 

349749 

4.88 

561.16 

1969 

586.95 

3164 

348269 

5.39 

593.35 

1970 

594.05 

3103 

358621 

5.22 

603.69 

1971 

629.52 

3175 

332205 

5.04 

527.71 

1972 

651.02 

3198 

333116 

4.91 

511.68 

1973 

675.86 

3082 

316484 

4.56 

468.27 

1974 

652.62 

2628 

286655 

4.03 

439.24 

1975 

651.24 

2486 

3.82 
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Table  33.   North  Carolina  Annual  Summary 


Fat. 

Inj. 

Year 

Travel 

Fatal. 

Injuries 

Rate 

Rate 

1968 

261.12 

1869 

55133 

7.16 

211.14 

1969 

278.16 

1810 

58611 

6.51 

210.71 

1970 

296.24 

1772 

58622 

5.98 

197.89 

1971 

313.78 

1846 

61370 

5.88 

195.58 

1972 

340.31 

1983 

65421 

5.83 

192.24 

1973 

357.98 

1892 

72072 

5.29 

201.33 

1974 

350.00 

1585 

68104 

4.53 

194.58 

1975 

364.00 

1513 

4.16 

Table  34.   Ohio  Annual  Summary 


Fat. 

Inj. 

Year 

Travel 

Fatal. 

Injuries 

Rate 

Rate 

1968 

528.34 

2555 

92665 

4.84 

175.39 

1969 

558.21 

2778 

91938 

4.98 

164.70 

1970 

560.14 

2575 

89466 

4.60 

159.72 

1971 

610.51 

2381 

83418 

3.90 

136.64 

1972 

635.05 

2451 

97621 

3.86 

153.72 

1973 

651.71 

2385 

109722 

3.66 

168.36 

1974 

630.84 

1900 

147326 

3.01 

233.54 

1975 

641.34 

1808 

2.82 
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Table   35 

Year 

Travel 

1968 

568.74 

1969 

551.48 

1970 

566.77 

1971 

608.92 

1972 

670.34 

1973 

665.08 

1974 

676.07 

1975 

637.03 

Pennsylvania  Annual  Summary 


Fat. 

Inj. 

Fatal. 

Injuries 

Rate 

Rate 

2410 

129880 

4.24 

228.36 

2401 

139941 

4.35 

253.76 

2255 

136518 

3.98 

240.87 

2299 

127318 

3.78 

209.09 

2352 

135938 

3.51 

202.79 

2444 

145452 

3.67 

218.70 

2155 

132687 

3.19 

196.26 

2082 

3.27 

Table   36. 

Texas 

Annual   Summary 

Fat. 

Inj. 

Year 

Travel 

Fatal. 

Injuries 

Rate 

Rate 

1968 

621.88 

3481 

108194 

5.60 

173.98 

1969 

660.75 

3551 

110147 

5.37 

166.70 

1970 

680.31 

3560 

111621 

5.23 

164.07 

1971 

718.89 

3594 

121082 

5.00 

168.43 

1972 

765.81 

3688 

128158 

4.82 

167.35 

1973 

809.07 

3692 

132635 

4.56 

163.94 

1974 

786.91 

3046 

123611 

3.87 

157.08 

1975 

845.75 

3407 

4.03 
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Table   37. 

Virginia 

Annual 

Summary 

Fat. 

Inj. 

Year 

Travel 

Fatal. 

Injuries              Rate 

Rate 

1968 

245.47 

1218 

45693 

4.96 

186.14 

1969 

269.51 

1304 

48050 

4.84 

178.29 

1970 

284.19 

1231 

48354 

4.33 

170.15 

1971 

305.04 

1218 

50051 

3.99 

164.08 

1972 

327.17 

1256 

52517 

3.84 

160.52 

1973 

346.64 

1220 

52378 

3.52 

151.10 

1974 

336.34 

1050 

48144 

3.12 

143.14 

1975 

346.41 

1030 

2.97 

Table   38. 

Washington 

Annual 

Summary 
Fat. 

Inj  . 

Year 

Travel 

Fatal. 

Injuries 

Rate 

Rate 

1968 

190.23 

930 

49447 

4.89 

259.93 

1969 

199.89 

833 

47027 

4.17 

235.26 

1970 

207.11 

875 

53465 

4.22 

258.15 

1971 

218.60 

876 

55098 

4.01 

252.05 

1972 

223.63 

855 

55447 

3.82 

247.94 

1973 

234.57 

776 

58039 

3.31 

247.43 

1974 

225.85 

759 

57716 

3.36 

255.55 

1975 

238.50 

771 

3.24 
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Table   39. 

Wyoming 

Annual   S 

ummary 

Fat. 

Inj. 

Year 

Travel 

Fatal. 

Injuries 

Rate 

Rate 

1968 

27.97 

164 

5085 

5.86 

181.80 

1969 

29.02 

221 

5751 

7.62 

198.17 

1970 

30.45 

194 

6043 

6.37 

198.46 

1971 

31.98 

166 

5437 

5.19 

170.01 

1972 

33.69 

197 

6103 

5.85 

181.15 

1973 

34.59 

192 

5886 

5.55 

170.16 

1974 

34.52 

195 

5354 

5.65 

155.10 

1975 

36.82 

213 

5.78 
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APPENDIX  E 
PLOTS  OF  STATEWIDE  ANNUAL  FATALITY  RATES 
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Figure  15.   Arizona  Fatality  Rate  -  All  Highways 
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Figure  16.   California  Fatality  Rate  -  All  Highways 
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Figure   17.      Colorado  Fatality  Rate   -   All  Highways 
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Figure  18.   Georgia  Fatality  Rate  -  All  Highways 
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Figure  19.   Massachusetts  Fatality  Rate  -  All  Highways 
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Figure  20.   Michigan  Fatality  Rate  -  All  Highways 
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Figure  21.   Minnesota  Fatality  Rate  -  All  Highways 
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Figure  22.   Mississippi  Fatality  Rate  -  All  Highways 
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Figure  23.   Missouri  Fatality  Rate  -  All  Highways 
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Figure    24.      New  York  Fatality  Rate   -   All  Highways 


124 


7.20  -i 


6.40 


o 
o 


CO 
(U 
•H 
4J 
•H 
r-( 
CtJ 
•P 

cO 


5.60  - 


4.80 


4.00  -1 


i 1 1 r 

1968   69   70  71 


n 1 1 1 

72   73   74   75 


Figure  25.   North  Carolina  Fatality  Rate  -  All  Highways 
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Figure  26.   Ohio  Fatality  Rate  -  All  Highways 
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Figure  27.   Pennsylvania  Fatality  Rate  -  All  Highways 
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Figure  28.   Texas  Fatality  Rate  -  All  Highways 
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Figure  29.   Virginia  Fatality  Rate  -  All  Highways 
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Figure  30.   Washington  Fatality  Rate  -  All  Highways 
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Figure  31.   Wyoming  Fatality  Rate  -  All  Highways 
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APPENDIX  F 
TIME  SERIES  ANALYSIS 
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Time  Series  Approach 

During  the  initial  stages  of  this  research,  an  attempt 
was  made  to  analyze  the  data  from  sample  states  using  time 
series  analysis.   Time  series  analysis  is  a  statistical 
technique  for  modeling  certain  patterns  such  as  trend  and 
seasonality  which  can  be  detected  when  a  variable  is  plot- 
ted against  time.   The  approach  used  in  the  initial  analy- 
sis of  statewide  data  from  Texas,  Colorado,  North  Carolina, 
and  Washington  State  'involved  building  time  series  predic- 
tion models  for  monthly  trauma  per  travel  rates  using  data 
prior  to  both  the  fuel  shortage  and  the  speed  limit  reduc- 
tion.  These  models  would  take  into  account  any  trends  in 
the  data.   Intervention  analysis,  a  recent  technique  due 
to  Box  and  Tiao  (1975) ,  was  then  used  to  evaluate  changes 
in  the  rates  since  the  time  of  the  fuel  shortage  and  the 
speed  limit  change.   The  main  idea  of  the  intervention 
analysis  is  that  for  any  month  following  the  interventions, 
the  prediction  formula  becomes : 

rate  =  predicted  rate  from  model  +  effect  during 

fuel  shortage  +  effect  since  speed  limit  change 

Basically,  the  technique  examines  the  difference  between 
actual  rates  and  predicted  rates  based  on  a  model  appropri- 
ate prior  to  the  interventions.   Estimates  of  the  magnitude 
of  both  the  fuel  shortage  effect  and  the  speed  limit  effect 
can  be  computed. 

The  results  of  the  time  series  analysis  of  data  prior 
to  the  fuel  shortage  and  speed  limit  change  was  done  for 
each  of  the  four  states  previously  mentioned  whose  data 
was  readily  available  during  the  initial  stages  of  the  re- 
search.  The  resulting  prediction  equations  are  shown  in 
Tables  40  through  43.  In  these  equations  the  following 
notation  is  used: 

Zt   =  predicted  rate  at  time  t. 

Zt-k  =  the  observed  rate  k  months  prior  to  time  t. 
Time  is  measured  in  months  for  all  series 
with  t=l  corresponding  to  the  first  month 
for  which  data  are  available,  t=2  corres- 
ponding to  the  second  month  and  so  forth. 

at-k  =  difference  between  actual  and  predicted 
rate  k  months  prior  to  time  t. 

133 


Initial  inspection  of  the  prediction  equations  in 
Tables  40  through  43  show  a  varying  degree  of  complexity 
required  to  adequately  predict  the  monthly  observed  value 
from  previous  data.   The  proliference  of  the  Zt-12  terms 
reflects  the  annual  repetition  patterns  in  some  of  the 
statistics  since  the  appearance  of  this  term  in  a  prediction 
equation  would  mean  that  the  previous  year's  data  for  a 
particular  month  would  correlate  highly  with  that  month's 
data  for  the  predicted  year. 

Following  the  development  of  these  prediction  equations, 
an  intervention  analysis  was  performed  in  order  to  deter- 
mine the  effects  of  outside  forces  (i.e.,  speed  limit 
changes  and  fuel  shortages)  on  the  predicted  values.   The 
analysis  basically  evaluates  the  difference  between  the 
observed  rates  during  the  intervention  and  the  predicted 
rates.   Rates  were  used  as  a  means  of  incorporating  reduced 
travel  into  the  analysis,  but  it  was  felt  that  the  fuel 
shortage  may  possibly  have  caused  a  disproportionate  de- 
crease in  fatalities  so  both  the  fuel  shortage  and  the  speed 
limit  were  included  as  interventions. 

Due  to  the  nature  of  the  intervention  analysis,  specific 
time  periods  must  be  identified  during  which  the  fuel  shor- 
tage and  the  altered  speed  limit  took  place  in  the  sample 
states.   The  following  time  periods  were  used  in  this  pre- 
liminary analysis: 

Fuel  Shortage         Speed  Limit 

Texas          February  -  March,  1974  February,  1974 

Colorado       June  -  August,  1973  February,  1974 

North  Carolina  January  -  March,  1974  December,  1973 
Washington     December,  1973  - 

April,  1974  December,  1973 

All  speed  limit  interventions  were  considered  continu- 
ous, beginning  at  the  above-noted  dates.   These  times  indi- 
cate the  first  full  month  during  which  a  reduced  speed 
limit  was  in  effect.   All  reductions  were  to  a  maximum 
55  miles  per  hour  limit  with  the  exception  of  Washington, 
which  initially  reduced  its  limit  to  50  miles  per  hour  maxi- 
mum in  late  November  and  then  increased  this  maximum  to 
55  miles  per  hour  in  late  December. 

One  result  of  the  intervention  analysis  was  that  no 
significant  changes  in  the  level  of  any  series  were  attribut- 
able to  the  fuel  shortage  time  period,  however,  some 
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significant  decreases  in  rates  were  attributable  to  the 
reduced  speed  limit.   Table  44  provides  the  lower  and  upper 
limits  of  95  percent  confidence  intervals  for  the  effect  of 
the  speed  limit  on  each  series  studied.   A  confidence 
interval  is  a  range  of  plausible  values  for  the  true,  un- 
known magnitude  of  the  effect;  the  95  percent  confidence 
level  is  the  probability  the  interval  contains  the  true 
value.   If  the  value  0  is  within  the  limits  of  a  confidence 
interval,  the  hypothesis  of  no  change  cannot  be  rejected. 
An  interval  completely  below  zero  indicates  a  statistically 
significant  decrease  in  the  rate.   A  statistically  signifi- 
cant result  does  not,  of  course,  prove  that  the  speed 
limit  had  an  effect  but  does  mean  that  a  change  in  the 
series  has  taken  place  since  the  speed  limit  was  begun. 

Examination  of  Table  44  reveals  that  statistically 
significant  rate  decreases  attributable  to  the  changed 
speed  limit  were  found  in  the  following  cases: 

1.  Texas--Fatality  rate  and  severity.   (Note 
that  the  effect  of  the  speed  limit  inter- 
vention on  the  Texas  fatal  accident  rate 
was  very  nearly  statistically  significant.) 

2.  Colorado—Fatality  rate,  fatal  accident,  and 
injury  accident  rates. 

3.  North  Carolina  —  Fatality  rate  and  severity. 

Neither  Washington  State's  fatality  rate  nor  its  fatal 
accident  rate  showed  statistically  significant  decreases 
attributable  to  the  speed  limit  change. 

An  important  point  is  that  these  results  depend  on  the 
prediction  models  developed  from  data  prior  to  the  inter- 
ventions.  If  a  model  inadequately  describes  a  series, 
the  estimation  of  departures  from  that  model  obviously  will 
be  incorrect.   Although  this  initial  analysis  seemed  promis- 
ing, the  lack  of  certainty  in  the  predictive  equations  re- 
sulted in  the  abandonment  of  this  technique.   For  example, 
the  Colorado  speed  limit  effects  detailed  here  are  probably 
not  estimated  correctly  by  the  intervention  analysis,  par- 
ticularly for  the  fatality  and  fatal  accident  rates.   The 
intervention  analysis  for  these  series  measures  the  devia- 
tion from  the  constant  monthly  prediction  models  (see 
Table  41  ) .   These  models  overestimate  the  fatality  and 
fatal  accident  rates  during  the  years  just  prior  to  the 
speed  limit  change  and  thus  affect  the  intervention  analy- 
sis in  such  a  way  that  the  effects  of  the  speed  limit 
change  are  overestimated. 
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A  lack  of  precision  in  the  time  series  modeling  can 
be  caused  by  the  structure  of  the  modeling  technique  as 
well  as  problems  inherent  to  the  data.   Time  series  analy- 
sis requires  a  long  history  of  data  in  order  to  adequately 
predict  values  for  use  in  the  intervention  analysis.   Com- 
monly, 100  or  more  data  points  are  required  to  develop 
stable  prediction  models.   With  monthly  data,  this  would 
require  more  than  8  years  of  information  prior  to  any  al- 
terations caused  by  fuel  shortages  or  the  speed  limit 
change.   This  puts  the  area  of  study  back  past  the  1968 
period  when  changes  in  many  trends  were  apparently  taking 
place.   Also,  many  states  did  not  have  monthly  data 
available  for  a  sufficient  length  of  time.   Where  the  data 
was  available,  the  accuracy  of  the  monthly  tabulations  was 
suspect,  especially  in  the  area  of  vehicle  miles  of  travel, 
and,  in  some  cases,  in  the  values  for  monthly  injuries. 
For  these  reasons,  it  was  decided  that  the  analysis  of 
monthly  data  using  the  time  series/intervention  analysis 
technique  was  not  viable  and  was  not  continued. 

Further  information  on  the  methods  and  results  of  time 
series  analysis  as  applied  to  accident  data  is  contained  in 
the  two  Interim  Reports  (Reference  List  items  43  and  44) 
produced  earlier  in  this  research. 
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Table  40.   Texas  Time  Series  Models 


Fatality  Rate  (January  1968  to  November  1973) 

K  -  zt-i2  -  -196 


residual  s.e.  =  .583 


Fatal  Accident  Rate  (January  1968  to  November  1973) 

Zt  =  Zt.12  -  .168 


residual  s.e.  =  .405 


Injury  Rate  (January  1968  to  November  1973) 

A 

Zt  =  Zt-12  "  1-82  "  -17at-10  "  -38at-12 
residual  s.e.  =  8.49 


Injury  Accident  Rate  (January  1968  to  November  1973) 

2t  =  Zt.12  -  1.81 

residual  s.e.  =  5.256 


Fatalities/Injuries  (January  1968  to  November  1973) 

K  '   Zt-12  -  -00086  -  -48at-12 
residual  s.e.  =  .0034 
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Table  41.   Colorado  Time  Series  Models 


Fatality  Rate  (January  1964  through  December  1972) 

Z  =  5.33 

residual  s.e.  =  1.61 


Fatal  Accident  Rate  (January  1965  through  December  1972) 

Z  =  4.44 

residual  s.e.  =  1.24 


Injury  Rate  (January  1964  through  December  1972) 

Zt  =  230.14  -  .22  (Ztl  -  230.14)  +  .29  (Zt_12   -  230.14) 

residual  s.e.  =  57.36 

Injury  Accident  Rate  (January  1965  through  December  1972) 
Zt  =  150.28  -  .24  (Zt_1  -  150.28)  +  .25  (Zt_12  -  150.28) 

residual  s.e.  =  36.8 
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Table  42.   North  Carolina  Time  Series  Models 


Fatality  Rate  (January  1962  through  November  1973) 
K   =  Zt-1  +  Zt-12  "  Zt-13  "  -13  +  -Ma  t_3  -  .67a  t_u 
residua.1  s.e.  =  1.04 

Fatal  Accident  Rate  (January  1962  through  November  1973) 

A 

Z_  =  Z_  t  '+  Z.  10  -  Z.  ,  «  -  .102  +  .  15a^  ~  -  .66a.  10 
t     t-1     t-12     t-13  t-i        t-12 

residual  s.e.  =  .81 

Injury  Rate  (January  1962  through  November  1973) 

Z_  =  Z.  10  +  .11a.  o  +  .25a^  ~  +  14a.  Q  -  .41a,.  10 
t    t-12       t-2       t-3      t-9       t-12 

residual  s.e.  =  21.25 

Injury  Accident  Rate  (January  1962  through  November  1973) 
Zt  =  Zt.12  +  .24at_3  +  .20at_9  -  .42at:12 

residual  s.e.  =  12.69 

Fatalities/Injuries  (January  1962  through  November  1973) 

Zt  =  .03  +  .41  (Zt_1  -  .03) 
residual  s.e.  =  .0037 
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Table  43.   Washington  Time  Series  Models 


Fatality  Rate  (January  1965  to  November  1973) 

Zt  =  Zt-12  "  '122  "  '65at-12 
residual  s.e.  =  .862 


Fatal  Accident  Rate  (January  1965  to  November  1973) 

Zt  =  Zt-12  "  -116  "  -63at-12 
residual  s.e.  =  .687 
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APPENDIX  G 

RELATIONSHIP  BETWEEN  STATE  FATALITY  AND 
UNEMPLOYMENT  RATES 
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Figure  32.   Arizona  Annual  Fatality  and  Unemployment 

Rates,  1965-1974 
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Figure  33.   California  Annual  Fatality  and  Unemployment 

Rates,  1965-1974 
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Figure  34.   Colorado  Annual  Fatality  and  Unemployment 

Rates,  1965-1974 
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Figure  35. 


Georgia  Annual  Fatality  and  Unemployment 
Rates,  1965-1974 
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Figure  36.   Massachusetts  Annual  Fatality  and 
Unemployment  Rates,  1965-1974 
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Figure  37.   Michigan  Annual  Fatality  and  Unemployment 

Rates,  1965-1974 
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Figure  38.   Minnesota  Annual  Fatality  and  Unemployment 

Rates,  1965-1974 
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Figure  39.   Mississippi  Annual  Fatality  and 
Unemployment  Rates,  1965-1974 


150 


6.30  -, 


5.  60  - 


4.90  _ 


4.20  ~ 


3.50  - 


Fatality  Rate 
(per   100   mvm) 


2.80  -J 


Unemployment  Rate 
(percent) 


I 1 1 1 1 1 1 i 1 1 

1965   66   67   68   69   70   71   72   73   74 


Figure  40.   Missouri  Annual  Fatality  and  Unemployment 

Rates,  1965-1974  ' 
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Figure  41.   New  York  Annual  Fatality  and 
Unemployment  Rates,  1965-1974 
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Figure  42.   North  Carolina  Annual  Fatality  and 
Unemployment  Rates,  1965-1974 
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Figure  43.   Ohio  Annual  Fatality  and  Unemployment 

Rates,  1965-1974 
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Figure  44.   Pennsylvania  Annual  Fatality  and 
Unemployment  Rates,  1965-1974 
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Figure  45. 


Texas  Annual  Fatality  and  Unemployment 
Rates,  1965-1974 
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Figure  46.   Virginia  Annual  Fatality  and  Unemployment 

Rates,  1965-1974 
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Figure  47.   Washington  Annual  Fatality  and  Unemployment 

Rates,  1965-1974 
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Figure  48.   Wyoming  Annual  Fatality  and  Unemployment 

Rates,  1965-1974 
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